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2. A recombinant DNA comprising a DNA sequence obtainable from animal's wherein 
said DNA sequence encodes an insect selective toxin or a functional derivative or 
fragment thereof. 

II. A transgenic plant eel! comprising a DNA sequence obtainable from animals wherein 
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Fnseciir;dal t uxins. genes encoding these toxins, antibodies binding to them and transgenic 
plant cells and plants expressing these toxins 

Abstract 

This invention relates to transgenic plants, plant cells and microorganisms which by use of 
recombinant DNA technology have been so transformed that they are capable of 
synthesizing insect selective toxins from venoms of venomous animals preferably 
members of the phylum Arthropoda, more preferably of members of the class Arachnida, 
most preferably of members of the order Scorpioncs, and more preferably of members of 
the class Chilopoda. The invention further relates to genes encoding said insect selective 
toxins and the use of said genes to confer to plants a genetically mediated resistance to 
insects and to control phytopathogenic insects. The invention also relates to a toxin from 
the venom of the scorpion Lciurus quinquestriatus hebraeus with the amino acid sequence 
VRDAYIAKNY NCVYECFRDA YCNELCTKNG ASSGYCQWAG KYGNACWCYA 
LPDNVPIRVP GKCR. The invention further relates to antibodies for said toxins and 
inscctiridally effective compositions comprising said toxins. 



Case5-I74Q4/5/6/CGC \mi9f0 

Insectiridal toxins, genes encoding these toxins, antibodies binding to them and transgenic 
plant cells and plants expressing these toxins 

This invention relaxes to transgenic plants, plant cells.and microorganisms which by use of 
recombinant DN A technology have been so transformed that they are capable of 
synthesizing insect selective toxins from venoms of venomous animals preferably 
members of the phylum Arthropods more preferably of members of the class Arachnids 
most preferably of members of the order Scorpioncs, and more preferably of members of 
the class Chilopodcu The invention further relates to genes encoding said insect selective 
toxins and die use of said genes to confer to plants a genetically mediated resistance to 
insects and to control phytopathogenic insects. The invention also relates to a toxin from 
the venom of the scorpion Leiurus qidnqucstrwus hebracus. The invention further relates 
to antibodies for said toxins and insecticidally effective compositions comprising said 
toxins. 

Venom is defined as a mixture of substances which are produced in specialized glandular 
tissues in the body of venomous animal. The venom is introduced into the body of its prey 
or opponent by the aid of a stinging-piercing apparatus in order to paralyze and/or kill it. 
Scorpions contain in their venom a number of proteins, or neurotoxins, which are toxic 
and act on the nervous system. The individual neurotoxins differ in their potency on 
various species of animals. 

The venoms derived from scorpions belonging to the Btahinae subfamily have three main 
groups of polypeptide neurotoxins which modify axonal sodium conductance. One group 
of neurotoxins are the cc-toxins, which specifically affect mammals through an extreme 
prolongation of the action potentials due to a slowing or blockage of the sodium channel 
in activation (Catterall, 1984; Rochat et al. f 1979). The ot-toxins AaHl and AaH2 are 
found in the venom of the scorpion Androctonus aiistralis Hector [from which the first 
excitatory insect toxin AaTT was isolated (Zlotkin et aL, 1971a)]. These cc-toxins are 
unable to produce any effects on blowfly larvae (Zlotkin et aL, 1971c). The second group 
of neurotoxins are the depressant insect selective toxins which induce a progressively 
developing flaccid paralysis of insects by the blockage of action potentials substantially 
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due to the suppression of sodium current (Lester et aL, 1982; Zloikin et al. f 1985). The 
third group of neurotoxins are the excitatory insect selective toxins which cause an 
immediate (knock down) spastic paralysis of insects by the induction of repetitive firing in 
their motor nerves due to an increase of the sodium peak current and the voltage 
dependent slowing of its inactivation (Walther et aL, 1976; Pelhate and Zlotkin f 1981). 

The scorpion venom derived insect toxins are preferably detected and their isolation is 
monitored by the aid of typical responses on Sarcopliaga blowfly larva expressed in an 
immediate and transient contraction paralysis for the excitatory toxins and progressively 
developing flaccidity for the depressant toxins (Zlotkin et aL, 1971b; Lester et al. t 1982). 
In spite of the opposite symptomatology induced by the above depressant and excitatory 
insect toxins, both affect exclusively sodium conductance and share the same binding site 
in the insect's neuronal membranes (Zlotkin et al. v 1985; Gordon et aL, 1984). 

Insect-selective toxins have also been identified in venoms from a number of other arthro- 
pods (Zlotkin, 1985). "Die venoms of braconid wasps are highly toxic to lepidopterous 
larvae. The venom of the braconid Brecon hebetor causes a flaccid paralysis in lepido- 
pterous larvae by inducing presynaptic breakage of the excitatory glutamincrgic trans- 
mission at the insect neuromuscular junction (Piek et aL, 1982). The venoms of solitary 
wasps are toxic to a large number of insects and spiders from different orders (Rathmeyer, 
1962). An example of these venoms is the venom of Philanthus triangulum which induces 
in insects a flaccid paralysis substantially due to presynaptic blockage of neuromuscular 
transmission; this venom affects both excitatory and inhibitory transmission (May and 
Piek, 1979). The venom of the black widow spider, Lairodecnts mactans, contains 
components which are neurotoxic to insects, but not to mammals and others which 
specifically affect crustaceens (Fritz et al., 1980; Omberg et aL, 1976). 

Venoms produced by centipedes of the genus Scolopcndram described by Jangi (1984). 
Since Scolopcndra centipedes have limited public health imparlance, their venoms have, 
however, not been extensively studied and characterised 

It would be desirable to produce plants which possess a genetically mediated resistance to 
insects through the introduction of genes which will induce the production of insect 
selective toxins by the plant tissues. It would further be desirable to obtain such venom 
and especially to obtain the toxin therein, in a form which is substantially free of natural 
contaminants. Such purified toxin is useful as an insecticide. 



According to a first embodiment of this invention, there Is 
provided an Insect selective toxin comprising the following amino acid 
sequence: 

VROAYIAKtfY NCVYECFRDA YCNEICTKNG ASSGTCQHAG KYGNACKCYA LPONVPIRVP GKCR. 
5 According to a second embodiment of this invention, there is 

provided a recombinant DMA comprising a OKA sequence obtainable from 

animals wherein said ONA sequence encodes an Insect selective toxin or a 

functional derivative or fragment thereof. 

According to a third embodiment of this invention, there Is 
10 provided a vector comprising a ONA according to the second embodiment. 
According to a fourth embodiment of this invention, there 1s 

provided a host organism comprising a vector according to the third 

embodiment* 

According to a fifth embodiment of this Invention, there Is 

IS provided a transgenic plant cell comprising a DNA sequence obtainable 
from animals wherein said ONA sequence encodes an Insect selective toxin 
or a functional derivative or fragment thereof. 

According to a sixth embodiment of this Invention, there is 
provided a transgenic plant and Its sexual and asexual progeny comprising 

20 a ONA sequence obtainable from animals wherein said ONA sequence encodes 
an insect selective toxin or a functional derivative or fragment thereof. 

According to a seventh embodiment of this Invention, there is 
provided a transgenic microorganism comprising a ONA sequence obtainable 
from animals encoding an insect selective toxin or a functional 

25 derivative or fragment thereof. 

According to a eighth embodiment of this invention, there is 
provided an antibody for an Insect selective toxin or a functional 
derivative or fragment thereof obtainable from members ef the order 
Scorpbnes or the genus Scolopendra. 

30 According to a ninth embodiment of this invention, there is 

provided an agricultural formulation comprising as active substance an 
Insect selective toxin or a functional derivative or fragment thereof 
obtainable from animals and one or more agricultural carrier and one or 
more additional agent with the proviso that the toxin Is not dissolved in 

35 ethanol plus water, acetone plus water or acetone plus dimethyl 
sulphoxlde. 

According to a tenth embodiment of this Invention, there is 
\ provided a method of controlling phytopathogenic Insects comprising the 
application to the insect or its environment of an Insectiddally 
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effectlve amount of a transgenic microorganism according to the seventh 
embodiment, or of a formulation according to the ninth embodiment. 

According to an eleventh embodiment of this Invention, there Is 
provided a method of protecting crop plants against phytopathogenlc 
5 Insects comprising the transformation of the crop plant with a 

recombinant DNA according to the second embodiment and further comprising 
the expression in the plant of an Insectlddally effective amount of said 
Insect selective toxin or a functional derivative or fragment thereof. 
This invention Is directed to insect selective toxins from venoms 
10 venomous animals preferably members of the phylum Arthropoda, more 
preferably of members of the class Araclmida, most preferably of members 
of the order Scorpions, and more preferably of members of the class 
Chilopoda, especially the toxin LqhP35 Isolated from the venom of a 
yellow scorpion L.qubiquestrianahebraeus.Buthinae.Buthidae, and genes 

15 encoding these toxins. 

This Invention Is further directed to the production of transgenic 
plants which possess a genetically mediated resistance to Insects through 
the Introduction of genes which will Induce the production of Insect 
selective toxins by plant tissues. This invention further relates to 

20 recombinant DNA molecules comprising a genetic sequence coding for a 
toxin for Insects and to Insect tolerant, transformed plant cells and 
transformed plants resulting therefrom. In this invention, the plant 
cell Is transformed by a gene coding for an Insect-selective toxin, that 
upon expression or overexpresslon, confers insect tolerance. 

25 This invention also relates to plants regenerated from the 
transformed plant cells and the seed thereof. This invention also 
relates to progeny of plants regenerated from the transformed plant 
cells, including mutants and variant progeny as far as they possess the 
lnsecticldal or Insect tolerant characteristics described. 
30 The present Invention comprises a method of protecting plants or 

plant parts against insect pests. Used in this way, the plant or plant 
part to be protected Is presented with an insectlddally effective amount 
of one or more toxins, at least one "of which Is derived from anthropod 
venom for example scorpion venom. 
35 This method is applicable to the protection of plants or any plant 

part. Including seeds derived from the plants, which, are susceptible to 
insect attack. 
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This Invention also relates to chimeric genetic constructs 
containing the gene, cloning vectors and hosts, and methods for 
conferring Insect tolerance to plants. 

This Invention Is also directed to the use of these toxins as 
5 Insecticides. Other toxins, purified e.g. from the vehora of the chactold 
scorpion, Scorpio maurus plamatus t can also be used In this Invention. 
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The invention farther concerns antibodies capable of binding to these toxins. 
Figures 

Fig. 1: Construction of pRK252/Tn903/BglIL 
Fig. 2: Construction of pClBS. 
Fig. 3 and 4: Construction of pCEJ4. 
Fig. 5: Construction of pCIBl 

Fig. 6: Construction of pCIB 1 0, a broad host range plasmid containing T-DNA 
borders and a gene for plant selection. 

Fig. 7: Amino acid sequences of several scorpion toxins determined as described in 
Example 10. LqhIT2 is the representative toxin of Example 10. LqqIT2 is a 
depressive insect toxin from L. quinqucstriaius qidnqimiriams whose 
purification is described in Zlotlan et aL (1985). BjIT2 is a depressive insect 
toxin from Buhom judaicus whose purification is described by Lester et at. 
(1982). LqhP35 is described herein and an "inttrmediaic M toxin which affects 
insect sodium channels in a manner very similar to the effect of a- toxins on 
mammalian sodium channels. The Smp toxins are purified from the venom 
of the chactoid scorpion, Scorpio mawrus palmatus. SmpIT2 is an insect 
toxin whose purification is described in Lazarovici et al. (1982). SmpCT2 
and SmpCT3 are crustacean toxins whose purification is described in 
Lazarovici et al. (1984). SmpMT is a mammalian toxin whose purification is 
described in Lazarovici and ZKotkin (1982). 

Fig. 8: Synthesis and sequence of the gene for AaTT. Sequence ! a shows the coding 
strand sequence. Sequence lb shows the complementary strand sequence. 
Sequence lc shows the sequences of the synthesized fragments. Sequence Id 
shows the sequence of the final gene. 

Fig. 9: Sequence of the gene encoding LqhIT2 insect toxin (designated "Sequence 
2" in the Examples). 

Abbreviations 

Androctonus australis insect toxin 

Lqh represents the scorpion, P indicates paralysis and 35 corresponds to its 
exclusion time on the HPLC column 
High Performance Liquid Chromatography 



AaTT 
LqhP35 

HPLC 
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MW Molecular Weight 

SDS-PAGE Sodiutrrfodccylsulfate-Polyacrylaraide Gelelectrophoresis 

PU Paralytic Unii 

3,4-DAP 3,4-diaminopyridine 

LD Lethal Dose 

pi Isoelectric Point 

Bp Base Pain 

CaMV Cauliflower Mosaic Virus 

Asp-N Pseudomonas fragi Endoproteinase Asp-N 

Lys-C Lysin-Endopeptidase 

Glu-C Staphylococcus aureus Protease V8 

BSA Bovine Semmalbumin 

TTX Tetrodotoxin 

PEG Polyethyleneglycol 

Tris-HQ Tris(hydroxymethyl)methylamine hydrochloride 

EDTA Ediylenediamine-NJf t N v ,N'-tetraacetic arid 

TFA Trifluoroacetic arid 

4-AP 4-Aminopyridine 

NPT Neomycin-phosphotransferase 

STX Saxitoxin 

w/v Weight/Volume 

TEA Tetiaethylammoniumchloride 

ATCC American Type Culture Collection, Rockville, Maryland 

D Dalton 

I. Insect Selective Toxins Derived from Venom. 

The various genes encoding toxins can be used to transform plants to make them insect 
tolerant according to this invention. 

The amino acid sequence of the first determined insect toxin, an excitatory toxin from 
Androctorw australis (AaIT) was determined and the sequence published in Darbon et al. 
(1982). The amino arid sequence for this neurotoxin is as follows: 
KKNGYAVDSS GKAPECLLSN YCNNQCIKVH YADKGYCCLL SCYCFGLNDD 
KKVLE1SDTR KSYCDTTDN. 
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LqqlT2 is a depressive insect toxin from L quinqticsuiaius quinqucstriams (ZIoikin ct al., 
1985). The amino acid sequence for this neurotoxin is as follows: 
Lqqm DGYIRKRDGC KLSOFGNEG GNKECKSYGG SYGYCWTWGL 
ACWCEGLPDE KTVVKSETNTC G 

BjlT2 is a depressive insect toxin from Buxlwtus judaicus (Lester et al., 19?2). 8jlT2 
exists in two isoforms which differ in amino acid sequence ai position 15. Form 1 has 
isoleucine in this position while form 2 has valine. The amino acid sequence for this 
neurotoxin is as follows: 

BjrT2 DGYIRKKDGC KVSC(V/I)IIGNEG CRKECVAHGG SFGYCWTWGL 
ACWCENLPDA VTWKSSTNTCG 

LqhTT7 is a depressive insect toxin from L quinqiiestrtiuus liebraeits which is purified 
using reverse phase HPLC The amino acid sequence for this neurotoxin is as follows: 
LqhIT2 DGYIKRRDGC KVACLTGNEG CDKECKAYGG SYGYCWTWGL 
ACWCEGLPDD KTWKSETNTC G 

SmpIT2, from the chactoid scorpion, Scorpio mounts palmatus, is a depressive insect 
toxin (Lazarovici et ai., 1982). The amino acid sequence for this neurotoxin is as follows: 
SmplT2 ALPLSGEYEP CVRPRKCKPG LVCNKQQ1CV DPK 

A new toxin which can be used according to this invention is LqhP35 which induces the 
delayed and sustained contraction paralysis of blowfly larvae. This toxin thus affects 
insect sodium channels in a manner very similar to the effect of a-toxins on mammalian 
sodium channels. This neurotoxin is derived from a yellow scorpion L quinquestriatus 
hebraeus, Buthinac, Bmhidae. The amino acid sequence for this neurotoxin is as follows: 
VRDAYIAKNY NCVYECTRDA YCNELCTKNG ASSGYCQWAG KYGNACWCYA 
LPDNVP1R VP GKCR 

When compared to the excitatory and depressant insect selective neurotoxins derived from 
Btahwae scorpion venoms this toxin (a) induces a different symptomatology in blowfly 
larvae (PU: 14 ng per 100 mg of b.w.) (b) is unable to displace the labeled excitatory 
insea toxin 125 I AalT from its binding sites in the insect neuronal membrane; (c) 
possesses a potent toxicity to crustaceans as well (20 ng per 100 mg b.w.) but, however, a 
very weak toxicity to mice (100 ^g per 20 g b.w.) and (d) induces an entirely different 
effect on sodium conductance in an insect axonal preparation. 



Sarcophagafalculam blowfly lame, due to the segmental arrangement of their skeletal 
muscles, soft and flexible cuticles and constant mobility, may display simple behavioral 
responses to different neurotoxins. Such behavioral responses have already enabled the 
clear distinction among the excitatory and depressant insect toxins derived from Buthinae 
scorpion venoms (Zlotkin, 1986). 

In spite of its extremely low toxicity to mammals, the LqhP35 toxin reveals a strong 
functional and structural resemblance to the a-toxins affecting mammals derived from 
Biahviae scorpion venoms, and which bind to and probe the voltage sensing or gating 
structure of sodium channels in vertebrates (Catterall, 1984): 

(a) It causes an exneme prolongation of the action potentials in an insect 
axonal preparation (at about two orders of magnitude lower concentration 
than the potent a-mammal toxin AaH2) and a rat isolated skeletal muscle 
fibre (in at least one order of magnitude higher concentration than the AaH2 
toxin) due to the slowing of the sodium channel inactivation process. 

(b) It reveals about 75 % of amino acid sequence identity with the above 
a-toxins affecting mammals. 

The LqhP35 toxin reveals by its MW, basicity and amino acid composition the typical 
physicochcmical characteristics of the scorpion venom polypeptide neurotoxins (Possani, 
1984). Its pharmacology, however, possesses certain unique features. The examination of 
the pharmacological significance of LqhP35 toxin demands a brief observation of the 
scorpion toxins, affecting vertebrates, the so-called mammalian toxins. These toxins play 
an essential role in the pharmacological and chemical characterization of NV channels in 
mammalian excitable tissues (Catterall, 1984) and are commonly subdivided into two 
categories: The a-toxins, such as the AaH2 or LqqV. affect sodium inactivation, possess a 
voltage-dependent binding ability and positive cooperarivity with the lipid soluble 
alkaloids, such as veratridine (Catterall, 1984; Zlotkin et al. t 1985). 

The P-toxins derived from the venoms of Czntruroides and Tiiyus scorpions affect sodium 
activation, possess potential independent binding sites distinct from those of the a-toxins 
and do not interact synergisricaHy with veratridine (Couraud et al^ 1982 and Couraud and 
Jover, 1984). 
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Thc interaction of the insect excitatory toxins (as represented by the AalT), with the insect 
neuronal membranes strongly resembles the effect of toxins in mammalian neuronal 
systems, as expressed in the induction of repetitive firing (Pelhaie and ZIotkin, 1981) and 
voltage independent binding (Gordon et al. v 1984). With this background it appears now 
that the LqhP35 toxin reveals an evident a-toxin like action on the insect neuronal 
membrane. 

The resemblance between LqhP35 and the scorpion venom a-toxins has obtained two 
main expressions - an electrophysiological and a structural one. LqhP35 induces in two 
different excitable tissue preparations the "classical" effect on the sodium inactivation 
previously demonstrated by the Buihinae scorpion venoms and their derived toxins active 
to vertebrates (Cauerall, 1980). The second resemblance to the a-toxins is expressed in the 
primary structure of LqhP3S. The amino acid sequence of the LqhP35 toxin reveals about 
75 % identity with the a-toxins, but only 17 % identity with insect excitatory toxin, 
respectively. In other words, the similarity of LqhP35 toxin to the a-toxins equals that 
which occurs among the a-toxins themselves. 

Although the LqhP35 toxin has close structural and pharmacological similarities to the 
a-toxins, the LqhP35 toxin has demonstrated very low toxicity to mammals, in contrast to 
its relatively high toxicity to insects. The typical a-toxins AaHl and AaH2 and the p-toxin 
Css2 arc inactive to Sarcophaga larvae, and do not reveal any specific binding to an insect 
* neuronal preparation (ZIotkin etal., 1971c; Gordon etaJ., 1984). 

The potent toxicity of the present LqhP35 to arthropods deserves attention since such 
substances can serve as models for the clarification of the animal group specificity of 
. scorpion venom toxins. The present study, however, is also motivated by an additional 
consideration, related to the pharmacological value of the a-toxins in the study of the 
properties and function of the vertebrate sodium channels (Catterall, 1980 and 1984). 
These toxins may serve as markers and probes of the voltage stimulated conformational 
change related to the mechanism of the channel opening (Catterall, 1984). The potent 
toxicity of LqhP35 to insects coupled with its strong effect on the sodium inactivation in 
an insect axon may be an important pharmacological tool for the study of sodium 
conductance related to insect neuronal excitability. 

The LqhP35 neurotoxin can be utilized as indicated above as a probe for or as a marker of 
the voltage stimulated conformational change related to the mechanism of the channel 
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opening in the study of sodium conductance related to insect neuronal excitability. 
Additionally, the LqhP35 toxin can be used as an insecticide for controlling insect pests. 

The venoms from the centipedes, Scobpendra canidens and S. cinqttlata have low toxicity 
to mice, but a quick and potent effect on insects. In particular, venom from S. canidens 
collected around the Dead Sea has no toxicity to mice at a dose of 1 mg/IO g b.w., but is 
quite potent on insects. The toxins from centipedes can be used in this invention. 

Scobpendra centipedes attack their insect prey (such as, for example, locusts, flies, etc.) 
using both mechanical and chemical means. Initially, insect prey is trapped by the tight 
envelopment of the insect by the centipede's powerful legs. After the insect prey has been 
immobilized, the centipede injects its venom into the insect. The injection of venom 
induces a rapid paralysis of the prey. The centipede is resistant to its own venom and to 
the venom of other centipedes of its species. It may resist a dose of venom which would be 
sufficient to paralyze at least 150 locusts of an equal weight 

Field collected centipedes can be maintained in the laboratory for prolonged periods (of 
about 1 year). The centipedes are preferably maintained separately in containers having a 
moisture absorbing substrate, and a source of water. Once every two weeks the centipedes 
are fed a diet of live insects. 

The venom of Scotopendra centipedes can most preferably be obtained, for research or 
other purposes by "milking" the animal's venom glands. Venom milking is preferably 
accomplished by electrical stimulation at the bases of the venom fangs. The expressed 
venom is preferably collected into plastic capillary tubes which have been tightly placed 
on die dp of the fangs. 

The volume of venom obtained from such milking is dependent on the dimensions of the 
centipede, but ranges generally from about 0.25 to about 5 jtl. The dry weight of the 
venom corresponds to approximately 25 %. Approximately 70 % of the dry weight of the 
venom is protein. The toxicity of the venom in solution is preserved for at least 5 days in 
room temperature, and it is resistant to lyophilization. 

Venom is preferably obtained from any suitable species of centipede. Preferably, venom is 
obtained from 5. canidens or S. cingulata. 5. canidens, and especially S. canidens 
collected from the region of the Dead Sea is especially preferred. The invention can, 
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however, be practiced with other isolates of 5. conidens, or with other centipedes of the 
Scolopendra genus. Equivalent centipede genera and species may also be employed in 
accordance with the proem invention. The venoms possess the capacity 10 paralyze 
locusts when present at concentrations ranging from 0.25 to 6.5 jig venom/g of locust b. w.. 
The venom of 5. canidens (Dead Sea) is the most potent to insects and has no effect on 
mice. 

The toxicity of the centipede venom is destroyed by proteolytic enzymes. This finding 
suggests that the protein nature of the venom is its active component. Separations of 
centipede venom on a column of MW exclusion in an HPLC system indicate the 
occurrence of active components in the range of MW of 10 to 130 kD. 

It is possible to purify the centipede-derivable insect selective toxin of the present inven- 
tion using means such as by HPLC, molecular exclusion chromatography, electrophoresis, 
etc.. For example, the toxin can be fractionated by HPLC and the isolated fractions tested 
for their capacity to inhibit or kill insects. Fractions having such insecticidal activity can 
be subjected to additional purification, as desired, until a sample of toxin has been made 
substantially free of its natural contaminants. Techniques of chromatography are well 
known in the an and can be readily adapted to the purpose of the present invention by 
those of ordinary skilL 

Alternatively, the toxin molecules can be purified using immunological means, and 
especially immunoaffinity chromatography. 

As used herein, the tenn "centipede-derivable insect selective toxin" is intended to refer to 
a chemical toxin which is identical to, or substantially similar to, the insecticidal 
component of centipede venom. The "centipede-derivable insect selective toxin" of the 
present invention may be obtained either from a centipede, from peptide or other synthetic 
chemistry, or by application of the techniques of molecular biology. The toxin is said to be 
"selective" if it is capable of affecting an insect, but either has no effect, or has a 
non-substantial effect, on a non-insect 

II. Antibodies to Neurotoxins. 

Another aspect of this invention are antibodies to these neurotoxins. In the following 
description, reference will be made to various methodologies well-known to these skilled 
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in the an of immunology. Standard reference works setting forth the general principles of 
immunology include the work of Klein (1982); Kcnnen et al. (1980); Campbell (1984); 
andEisen (1980). 

An antibody is said to be "capable of binding* a molecule if it is capable of specifically 
reacting with- the molecule to thereby bind the molecule to the antibody. The term 
"epitope" is meant to refer to mat portion of a hapten which can be recognized and bound 
by an antibody. An antigen may have one or more than one epitope. An "antigen" is 
capable of inducing an animal to produce antibody capable of binding to an epitope of that 
antigen. The specific reaction referred to above is meant to indicate that the anrigen will 
react, in a highly selective manner, with its corresponding antibody and not with the 
multitude of other antibodies which may be evoked by other antigens. 

The term ''antibody" (Ab) or "monoclonal antibody" (Mab) as used herein is meant to 
include intact molecules as well as fragments thereof (such as, for example, Fab and 
F(ab*)2 fragments) which are capable of binding an antigen. Fab and F(ab')2 fragments 
lack the ft fragment of intact antibody, clear more rapidly from the circulation, and may 
have less non-specific tissue binding of an intact antibody (Wahl et aL, 1983). 

' To purify an insect selective toxin using antibody affinity chromatography, it is necessary 
* to employ an antibody capable of binding to the toxin. Most preferably, such an antibody 
will be a monoclonal antibody. 

' The antibodies of the present invention may be prepared by any of a variety of methods. 
For example, cells expressing the neurotoxin or a fragment thereof, can be administered to 
an animal in order to induce the production of sera containing polyclonal antibodies that 
are capable of binding the neurotoxin. In a preferred method, a neurotoxin fragment is 
1 : prepared and purified to render it substantially free of natural contaminants. In another 
* , preferred method, a neurotoxin fragment is synthesized, according to means known in the 
art Either the purified fragment or the synthesized fragment or a combination of purified 
: natural fragment and/or synthesized fragment may be introduced into an animal in order to 
produce polyclonal anrisera of greater specific activity. 

/ In the most preferred method, the antibodies of the present invention arc monoclonal 
• : antibodies. Such monoclonal antibodies can be prepared using hybridoma technology 
(Kohler and Milstein, 1975 and 1976; Kohler et aL, 1976; Harnmeriing et al.. 1981). In 
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general, such procedures involve immunizing an animal with neurotoxin antigen. The 
splenocytes of such animals are extracted and fused with a suitable myeloma cell line. 
Any suitable myeloma cell line may be employed in accordance with the present inven- 
tion; however, it is preferable to employ the parent myeloma cell line (SP 2 0), available 
from ATCC After fusion, the resulting hybridoma cells are selectively maintained in 
HAT medium and then cloned by limiting dilution as described by Wands and Zurawski 
(1981). The hybridoma cells obtained through such a selection are then assayed to identify 
clones which secrete antibodies capable of binding the neurotoxin antigen. 

If the toxin source is impure, only some of the hybridoma cells will produce antibodies 
capable of binding to the toxin (other hybridoma cells will produce antibody capable of 
binding to the toxin contaminants). Thus, it may be necessary to screen among the 
hybridoma cells for those which are capable of secreting an antibody which is capable of 
binding to the toxin. Such screening is preferably accomplished by incubating a sample of 
the toxin (or venom) in the presence of monoclonal antibody secreted from each of a 
group of particular hybridoma cells and identifying any hybridoma cell capable of 
secreting an antibody which is able to neutralize or attenuate the ability of the venom to 
paralyze an insect Once such a hybridoma cell has been identified, it may be clonally 
propagated by means known in the an in order to produce the toxin-specific monoclonal 
antibody. 

Once a toxin-specific monoclonal antibody has been obtained, it may be immobilized by 
binding to a solid support and used to purify the toxin from natural venom or other sources 
using immunoaffinity chromatography in accordance to methods which are well known in 
the ait Such methods are capable of mediating a high degree of purification and of there- 
by producing a toxin which is substantially free of natural contaminants. As used herein, a 
toxin is said to be "substantially free of natural contaminants" if it is present in a form 
which lacks compounds with which it is naturally and normally associated (i.e. other 
proteins, lipids, carbohydrates, etc.). 

Once the toxin has been purified, it can be used to immunize an animal (such as a mouse 
or rabbit) in order to elicit the production of toxin-specific polyclonal antibody. 

Thus, one aspect of the present invention concerns such toxin-specific monoclonal and 
polyclonal antibodies. Another aspect of the present invention concerns a hybridoma ceil 
capable of producing a toxin-specific monoclonal antibody. 
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Thiough appHcation of the above-described methods, additional cell lines capable of 
producing antibodies which recognize epitopes of the desired insect selective toxin can be 
obtained. Application of the above-described methods is sufficient to permit one to obtain 
a highly purified toxin preparation. 

Through application of the above-described methods, additional cell lines capable of 
producing antibodies which recognize epitopes of the desired insect selective toxin can be 
obtained. 

IH. Genetic Engineering of Insect Sele ctive Toxins. 

This invention further comprises the genetic sequences coding for the insect selective 
toxins, expression vehicles containing the genetic sequence, hosts transformed therewith, 
the toxin produced by such transformed host expression, and uses for the toxin. 

Any of a variety of procedures may be used to clone the toxin-encoding gene sequence. 

One such method entails analyzing a shuttle vector library of cDN A inserts (derived from 
: a toxin expressing cell) for the presence of an insert which contains the toxin gene 
' sequence. Such an analysis may be conducted by transfecting cells with the vector and 

then assaying for toxin expression. 

* One method for cloning the toxin gene sequence entails determining the amino acid 
sequence of the toxin molecule. To accomplish this task toxin protein may be purified (as 
described above), and analyzed to determine the amino acid sequence of the proteinaceous 
toxin. Any method capable of elucidating such a sequence can be employed, however, 
Edman degradation is preferred. Hie use of automated sequenators is especially preferred 

The sequence of amino acid residues is designated herein either through the use of their 
commonly employed single-letter designations. A listing of these one-letter and the 
three-letter designations may be found in textbooks such as Lehninger (1975). When the 
amino arid sequence is listed horizontally, the amino terminus is intended to be on the left 
end whereas the carboxy terminus is intended to be at the right end 

Using the amino acid sequence information, the DNA sequences capable of encoding 
them are examined in order to clone the gene encoding the toxin. Because the genetic code 
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is degenerate, more than one codon may be used to encode a particular amino acid 
(Watson et aL, 1977). 

Although it is possible to determine the entire amino acid sequence of the toxin, it is 
preferable to determine the sequence of peptide fragments of the molecule, and to use such 
sequence data to prepare oligonucleotide probes which can be used to isolate the entire 
toxin gene sequence. Toxin peptide fragments can be obtained by incubating the intact 
molecule with cyanogen bromide, or with proteases such as papain, chymotrypsin or 
trypsin (Oike et al., 1982; Liu et al. 9 1983). 

Using the genetic code (Watson et al. v 1977) one or more different oligonucleotides can be 
identified, each of which would be capable of encoding the toxin peptides. The probability 
that a particular oligonucleotide will, in fact, constitute the actual toxin encoding sequence 
can be estimated by considering abnormal base pairing relationships and the frequency 
with which a particular codon is actually used (to encode a particular amino acid) in 
eukaryotic cells. Such "codon usage rules" are disclosed by Lathe (1985). Using these 
rules, a single oligonucleotide, or a set of oligonucleotides, that contains a theoretical 
"most probable" nucleotide sequence capable of encoding the toxin peptide sequences is 
identified. 

The oligonucleotide, or set of oligonucleotides, containing the theoretical "most probable** 
sequence capable of encoding the toxin gene fragments is used to identify the sequenceof 
a complementary oligoncleoride or set of oligonucleotides which is capable of hybridiz- 
ing to the "most probable" sequence, or set of sequences. An oligonucleotide containing 
such a complementary sequence can be employed as a probe to identify and isolate the 
toxin gene (Maniatis et al., 1982). 

Thus, in summary, the actual identification of toxin peptide sequences permits the 
identification of a theoretical "most probable" DNA sequence, or a set of such sequences, 
capable of encoding such a peptide. If the peptides are greater than 1 0 amino acids long, 
the sequence information is generally sufficient to permit one to clone a gene sequence 
such as that encoding the toxin. By constructing an oligonucleotide complementary to this 
theoretical sequence (or by constructing a set of oligonucleotides complementary to the set 
of "most probable" oligonucleotides), one obtains a DNA molecule (or set of DNA 
molecules), capable of functioning as a probe to identify and isolate the toxin gene. 
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Thc cloning and use of the various toxins described above will hereinafter be described 
generally as the cloning and use of "a toxin". It should be understood that any of the 
above-detailed toxins may be used as described in any of the methods according to this 
invention. The process for genetically engineering the toxin according to the invention is 
facilitated through the cloning of genetic sequences which are capable of encoding the 
toxin and through the expression of such genetic sequences. As used herein, the term 
"genetic sequences** is intended to refer to a nucleic acid molecule (preferably DNA). 
Genetic sequences which are capable of encoding the toxin may be derived from a variety 
of sources. These sources include genomic DNA, cDNA, synthetic DMA, and combina- 
tions thereof. 

Genomic DNA may or may not include naturally occurring inrrons. Moreover, such 
genomic DNA may be obtained in association with the 5* promoter region of the toxin 
gene sequences. To the extent that a host cell can recognize the transcriptional regulatory 
and translarional initiation signals associated with the expression of the protein, then the 
region 5* may be retained and employed for transcriptional and translational initiation 
regulation. 

For cDNA, the cDNA may be cloned and the resulting clone screened with an appropriate 
probe for cDNA coding for the desired sequences. Once the desired clone has been iso- 
lated, the cDNA may be manipulated in substantially the same manner as the genomic 
DNA. However, with cDNA there will be no inrrons or intervening sequences. For this 
reason, a cDNA molecule which encodes the toxin is the preferred genetic sequence of the 
present invention. 

Genomic DNA orcDNA may be obtained in several ways. Genomic DNA can be extrac- 
ted and purified from suitable cells by means well known in the an. Alternatively, mRNA 
can be isolated from a cell which produces the tnxin and used to produce cDNA by means 
well known in the art Such suitable DNA preparations are enzymarically cleaved, or 
randomly sheared, and iigated into recombinant vectors to form a gene library. Such 
vectors can then be screened with the above-described oligonucleotide probes in order to 
identify a toxin encoding sequence. 

A suitable oligonucleotide, or set of oligonucleotides, which is capable of encoding a 
fragment of the toxin (or which is complementary to such an oligonucleotide, or set of 
oligonucleotides) identified using the above-described procedure, is synthesized, and 



-16- 



hybridized by means well-known in the an, against a DN A or, more preferably, a cDNA 
preparation derived from cells which are capable of expressing the toxin gene. The source 
of DN A or cDN A used will preferably have been enriched for toxin sequences. Such en- 
richment can most easily be obtained from cDNA obtained by extracting RN A from cells 
which produce high levels of the toxin. Techniques of nucleic acid hybridization are 
disclosed by Maniatis et al. (1982) and by Hames and Higgins (1985). 

To facilitate the detection of the desired toxin encoding sequence, the above-described 
DNA probe may be labeled with a detectable group. Such detectable group can be any 
material having a detectable physical or chemical property. Such materials have been 
well-developed in the field of immunoassays and in general most any label useful in such 
methods can be applied to the present invention. Particularly useful are enzymaucally 
active groups, such as enzymes (Wisdom, 1976), enzyme subsnates (GB 1,548,741), 
coenzymes (US 4,230,797 and US 4038,565) and enzyme inhibitors (US 4,134,792); 
fluwescers (Soini and Hemmila, 1979); chromophobes; luminescers such as chemilumi- 
ncscers and bioluminescers (Gorus and Schram, 1979); specifically bindable ligands; 
proximal interacting pairs; and radioisotopes such as 3 H, 35 S t 32 P, 12S I and 14 C Such 
labels and labeling pairs are detected on the basis of their own physical properties (e.g., 
fluorescers, chromophores and radioisotopes) or their reactive or binding properties (e.g., 
enzymes, substrates, coenzymes and inhibitors). For example, a cofactor-labeled probe 
can be detected by adding the enzyme for which the label is a cofactor and a substrate for 
the enzyme. For example, one can use an enzyme which acts upon a substrate to generate 
a product with a measurable physical property. Examples of the latter include, but are not 
limited to, 0-galactosidase, alkaline phosphatase and peroxidase. 

General procedures for hybridization are disclosed, for example, in Maniatis et al (1982) 
and in Hames and Higgins (1985). Those members of the above-described gene sequence 
library which are found to be capable of such hybridization are then analyzed to determine 
the extent and nature of the toxin encoding sequences which they contain. 

In an alternative way of cloning the toxin gene, a library of expression vectors is prepared 
by cloning DNA or, more preferably cDNA, from a cell capable of expressing toxin into 
an expression vector. The library is then screened for members capable of expressing a 
protein which binds to anti-toxin antibody, and which has a nucleotide sequence that is 
capable of encoding polypeptides that have the same amino acid sequence as the toxin or 
fragments of the toxin. 
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The cloned toxin encoding sequences, obtained through the methods described above, may 
be operably linked to an expression vector, and introduced into bacterial, or eukaryotic 
cells to produce toxin, or a functional derivative thereof. Techniques for such manipula- 
tions are disclosed by Maniatis et aL (1982) and are well known in the an. 

The above discussed methods are, therefore, capable of identifying genetic sequences 
which are capable of encoding the toxin or fragments thereof. In order to further charac- 
terize such generic sequences, it is desirable to express the toxins which these sequences 
encode, and confirm that they possess characteristics of toxin peptides. Such charac- 
teristics may include the ability to specifically bind anti-toxin antibody, the ability to elicit 
the production of antibodies which are capable of binding to the toxin, the ability to 
provide a toxin function to a recipient cell, etc. 

In lieu of using the above-described recombinant methods, a gene sequence which 
encodes the toxin can be prepared by synthetic means (such as by organic synthetic 
means, etc.). 

An alternative way of obtaining a genetic sequence which is capable of encoding the toxin 
is to prepare it by oligonucleotide synthesis. This method is especially feasible for 
proteins, such as the toxins of this invention, which have less than 100 amino acids. The 
genetic code is used to determine an oligonucleotide sequence which is capable of 
encoding the amino acid sequence. 

In a preferred embodiment, this oligonucleotide sequence is predicted using the codon 
frequency appropriate for the organism in which the gene is to be expressed. Such codon 
frequencies for some organisms arc available as pan of the sequence analysis computer 
programs of the Uni versity of Wisconsin Genetics Computer Group. Codon frequencies 
for other organisms may be calculated with the aid of the same computer package using 
data in the available sequence data banks. In some cases, alternative codons may be 
selected to facilitate synthesis and/or provide convenient restriction sites. Translation^ 
stop and stan signals are added at the appropriate points and sequences to create 
convenient cloning sites are added to the ends. The above nucleotide sequence constitutes 
the "coding strand". The sequence of the "complementary strand*' is predicted using the 
computer programs mentioned-abovt. 
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A series of oligonucleotides ranging from 20 to SO bases is synthesized in order to provide 
a series of overlapping fragments which when annealed and ligated will produce both 
strands of the gene. These fragments are then annealed and ligated together using 
techniques well known to those skilled in the art (Maniatis et at, 1982). The resulting 
DNA fragment with the predicted size is isolated by electrophoresis and ligated into a 
suitable cloning vector for amplification and further manipulation. This synthetic gene 
may be handled using the techniques described above for genes isolated from genomic 
and/or cDN A. 

IV. Expression of the In^t El ective Toxin anri its Functional tVrivaiti^ 

The toxin encoding sequences, obtained through the methods described above, may be 
operably linked to an expression vector, and introduced into prokaryotic or eukaryotic 
cells in order to produce the toxin or its functional derivatives. The present invention 
pertains both to the intact toxin and to the functional derivatives of this toxin. 

As used herein, the term "substantially pure" or "substantially purified" is meant to 
describe the neurotoxin which is substantially free of any compound normally associated 
wtth the toxin in its natural state, i.e., free of protein and carbohydrate components. The 
term is further meant to describe the neurotoxin which is homogeneous by one or more 
purity or homogeneity characteristics used by those of skill in the an. Fbr'example, a 
substantially pure neurotoxin will show constant and reproducible characteristics within 
standard experimental deviations for parameters such as the following: MW. chromato- 
graphic behaviour, and such other parameters. The term, however, is not meant to exclude 
artificial or synthetic mixtures of the neurotoxin with other compounds. The term is also 
not meant to exclude the presence of minor impurities which do not interfere with the bio- 
logical activity of the neurotoxin and which may be present, for example, due to incom- 
plete purification. 



i toxin" are 



Also, as used herein. "LqhP35." "the LqhP35 neurotoxin," and "the LqhP35 1 
used interchangeably and as exemplification to denote the toxin derived from the sc^pion 
venom. The present invention pertains both to the intact neurotoxin and to the functional 
derivatives of the LqhP35 toxin. 

A "functional derivative' of the toxin is a compound which possesses a biological activity 
(etthet functional or structural) that is substantially similar to a biological activity of the 
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toxin. The torn "functional derivative* is intended to include the "fragments," "variants/ 
"analogues," or "chemical derivatives" of a molecule. A "fragment" of a molecule such as 
the toxin is meant to refer to any polypeptide subset of the molecule. A "variant" of a 
molecule such as the toxin is meant to refer to a molecule substantially similar in structure 
and function to either the entire molecule, or to a fragment thereof. A molecule is said to 
be "substantially similar to another molecule if both molecules have substantially similar 
structures or if both molecules possess a similar biological activity. Thus, provided that 
two molecules possess a similar activity, they axe considered variants as that term is used 
herein even if the structure of one of the molecules is not found in the other, or if the 
sequence of amino acid residues is not identical. An "analog" of a molecule such as the 
toxin is meant to refer to a molecule substantially similar in function to either the entire 
molecule or to a fragment thereof. As used herein, a molecule is said to be a "chemical 
derivative" of another molecule when it contains additional chemical moieties not 
normally a part of the molecule. Such moieties may improve the molecule's solubility, 
absorption, biological half life, etc. Moieties capable of mediating such effects are 
disclosed in Osol, A, (Ed) Remingtons Pharmaceutical Sciences (Mack Publishing Co., 
Easton, PA, 1980). Procedures for coupling such moieties to a molecule are well known in 
the art 

A DNA sequence encoding the toxin or its functional derivatives may be rccombined with 
vector DNA in accordance with conventional techniques, including use of blunt-ended or 
staggercd-ended termini for ligation, restriction enzyme digestion to provide appropriate 
termini, filling in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and ligation with appropriate tigases. Techniques for such manipula- 
tions are disclosed by Maniaris et aL (1982) and are well known in the art 

A nucleic acid molecule, such as DNA, is said to be "capable of expressing* a polypeptide . 
if it contains nucleotide sequences which contain transcriptional and mutational * 
regulatory information and if such sequences are "operably linked" to nucleotide 
sequences which encode the polypeptide. An operable linkage is a linkage in which the 
regulatory DNA sequences and the DNA sequence sought to be expressed are connected 
in such a way as to permit gene expression. The precise nature of the regulatory regions 
needed for gene expression may vary from organism to organism, but shall in general 
include a promoter region which, in prokaryotes, contains both the promoter (which 
directs the initiation of RNA transcription) as well as the DNA sequences which, when 
transcribed into RNA, will signal the initiation of the toxin synthesis. Such regions will 



-20- 



normaHy include those 5'-non-coding sequences involved with initiation of transcription 
and translation, such as the TATA box, capping sequence, CAAT sequence, and the like. 

If desired, the non-coding region 3' to the gene sequence coding for the toxin may be 
obtained by the above-described methods. This region may be retained for its transcrip- 
tional teimination regulatory sequences, such as termination and polyadenylation. Thus, 
by retaining the 3'-region naturally contiguous to the DNA sequence coding for the toxin, 
the transcriptional termination signals may be provided. Where the transcriptional 
termination signals are not satisfactorily functional in the expression host cell, then a 3* 
region functional in the host cell may be substituted. 

Two DNA sequences (such as a promoter region sequence and the toxin encoding 
sequence) are said to be operably linked if the nature of the linkage between the two DNA 
sequences does not (1) result in the introduction.of a frame-shift mutation, (2) interfere 
with the ability of the promoter region sequence to direct the transcription of the toxin 
gene sequence, or (3) interfere with the ability of the toxin gene sequence to be transcribed 
by the promoter region sequence. Thus, a promoter region would be operably linked to a 
' DNA sequence if the promoter were capable of effecting transcription of that DNA 
sequence. 

Thus, to express the toxin transcriptional and translational signals recognized by an 
appropriate host are necessary. 

The present invention also encompasses the expression of the toxin protein (or a 
functional derivative thereof) in either prokaryotic or eukaryotic cells. Preferred 
prokaryotic hosts include bacteria such as £. coli, Bacillus, Streptomyces, Pscudomonas, 
Salmonella, Serrano, etc. The most preferred prokaryotic host is £. colL Bacterial hosts 
of particular interest include £. coli K12 strain 294 (ATCC 31446), £. coli X1776 (ATCC 
31537), £. coli W31 10 (F, X\ prototrophic (ATCC 27325)), and other enterobacteria such 
as Salmonella ryphimiirium oxSerratia marcescens, and various Pseudomonas species. 
Under such conditions, the toxin will not be glycosylated. The procaryoric host must be 
compatible with the replicon and control sequences in the expression plasmid 

To express the toxin (ot a functional derivative thereof) in a prokaryotic cell (such as, for 
example, £. coli, B. subutis, Pseudomonas, Streptomyces, etc), it is necessary to operably 
link the toxin encoding sequence to a functional prokaiyotic promoter. Such promoters 
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Yeast provides substantial advantages in that it can also cany out post-tninslational 
peptide modifications. A number of recombinant DN A strategies exist which utilize strong 
promoter sequences and high copy number of plasmids which can be utilized for produc- 
tion of the desired proteins in yeasL Yeast recognizes leader sequences on cloned 
mammalian gene products and secretes peptides bearing leader sequences (i.e M pro- 
peptides). 

Any of a series of yeast gene expression systems incorporating promoter and termination 
elements from the actively expressed genes coding for glycolytic enzymes produced in 
large quantities when yeast are grown in media rich in glucose can be utilized. Known 
glycolytic genes can also provide very efficient transcriptional control signals. For 
example, the promoter and terminator signals of the phosphoglycerate kinase gene 
sequence can be utilized. 

Another preferred host is insect cells, for example the Drosophila larvae. Using insect 
cells as hosts, the Drosophila alcohol dehydrogenase promoter can be used (Rubin, 1988). 
Alternatively, baculovirus vectors can be engineered to express large amounts of the toxin 
in insects cells (Jasny. 1987; Miller et al. f 1986). 

As discussed above, expression of the toxin in eukaryoric hosts requires the use of eu- 
kaiyotic regulatory regions. Such regions will, in general, include a promoter region suffi- 
cient to direct the initiation of RNA synthesis. Preferred eukaiyotic promoters include the 
promoter of the mouse metallothionein I gene (Hamer and Walling, 1982); the TK pro- 
moter of Herpes virus (McKnight, 1 982); the SV40 early promoter (Benoist and 
Chambon, 1981); and the yeast ga!4 gene promoter (Johnston and Hopper, 1982; Silver et 
al„ 1984). 

As is widely known, translation of eukaiyotic mRNA is initiated at the codon which 
encodes the first methionine. For this reason, it is preferable to ensure that the linkage 
between a eukaiyotic promoter and a DN A sequence which encodes the toxin (or a func- 
tional derivative thereof) does not contain any intervening codons which are capable of 
encoding a methionine Ox., AUG). The presence of such codons results either in the 
formation of a fusion protein (if the AUG codon is in the same reading frame as the toxin 
encoding DNA sequence) or a frame-shift mutation (if the AUG codon is not in the same 
reading frame as the toxin encoding sequence). 
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The toxin encoding sequence and an operably linked promoter may be introduced into a 
recipient piokaryotic or eukaryotic cell either as a non-rtplicating DNA (or RNA) 
molecule which may either be a linear molecule or, more preferably, a closed covalem 
drcular molecule. Since such molecules are incapable of autonomous replication, the 
expression of the toxin may occur through the transient expression of the introduced 
sequence. Alternatively, permanent expression may occur through the integration of the 
introduced sequence into the host chromosome. 

In one embodiment, a vector is employed which is capable of integrating the desired gene 
sequences into the host cell chromosome. CfeUs which have stably integrated the intro- 
duced DNA into their chromosomes can be selected by also introducing one or more 
markers which allow for selection of host cells which contain the expression vector. The 
marker may provide for prototrophy to an auxotrophic host, bioride resistance, eg., anti- 
biotics, or heavy metals, such as copper, or the like. The selectable marker gene sequence 
can either be directly linked to the DNA gene sequences to be expressed or introduced 
into tfce »ame cell by wrmwfcciloa Additional elements may also be needed for optimal 

synthesis of static chain mRNA. These elements may inciude splice signals, as well as 
transcription promoters, enhancers, and termination signals. cDNA expression vectors 
incorporating such elements include those described by Okayama and Berg (1983). 

In a preferred embodiment, the introduced sequence will be incorporated into a plasmid or 
viral vector capable of autonomous replication in the recipient host Any of a wide variety 
of vectors may be employed for this purpose. Factors of importance in selecting a parti- 
cular plasmid or viral vector include: the ease with which recipient cells that contain the 
vector may be recognized and selected from those recipient cells which do not contain the 
vector, the number of copies of the vector which are desired in a particular host; and 
whether it is desirable to be able to "shuttle" the vector between host cells of different 
species. Preferred prokaryotic vectors include plasmids such as those capable of replica- 
tion in £. coU (such as, for example, pBR322, CoJEl, pSClOl. pACYC 184, jiVX). Such 
plasmids are, for example, disclosed by Maniatis et al. (1982). Bacilli* plasmids include 
pC194, pC221, pT127, etc. Such plasmids are disclosed by Gryczan (1982). Suitable 
Stnptomyces plasmids include pUlOl (Kendall and Cohen, 1987), and Streptamyces 
bacteriophages such as G2C31 (Chater et al M 1986). Psciidomorw plasmids are reviewed 
by John and Twitty (1986) and Isaki (1978). 



Preferred eukaiyodc plasmids include BPV, vaccinia, S V40, 2-p. circle, etc, or ihcir 
derivatives. Such plasmids are well known in the art (Botstein et al., 1982; Broach, 1981 
and 1982; Bolton and Stauver, 1980; Maniatis, 1980). 

Once the vector or DN A sequence containing the constructs) has been prepared for ex- 
pression, the DNA constructs) may be introduced into an appropriate host cell by any of a 
variety of suitable means: transformation, transection, conjugation, protoplast fusion, 
electroporation, calcium phosphate-precipitation, direct microinjection, etc.. After the 
introduction of the vector, recipient cells are grown in a selective medium, which selects 
for the growth of vector-containing cells. Expression of the cloned gene sequenced) 
results in the production of the toxin, or in the production of a fragment of this toxin. This 
can take place in the transformed cells as such, or following the induction of these cells to 
differentiate (for example, by administration of bromodeoxyuracil to neuroblastoma cells 
or the like). 

The expressed protein may be isolated and purified in accordance with conventional 
conditions, such as extraction, precipitation, chromatography, affinity chromatography, 
electrophoresis, or the like. 

V. Uses of the Insect Selective Toxins to Genetically Modify Plants. 

The genes encoding the insect selective toxins according to the present invention can be 
introduced into a plant by genetic engineering techniques, which upon production of the 
toxins in the plant cell could be used as a means for controlling insect pests. Therefore, it 
is possible to produce a plant that is more insect-tolerant In thus another embodiment of 
this invention, the toxin gene is used to transform a plant to enhance the insect tolerance of 
the plant 

The coding region far a toxin gene that may be used in this invention may be the 
full-length or partial active length of the gene. It is necessary, however, that the genetic 
sequence coding for the toxin be expressed, and produced, as a functional toxin in the 
resulting plant cell. 

DNA from both genomic DNA and cDNA and synthetic DNA encoding a toxin may be 
used in this invention. Further, a toxin gene may be constructed partially of a cDNA clone, 
partially of a genomic clone, and partially of a synthetic gene and various combinations 
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thereof. In addition, the DNA coding for the toxin gene may comprise portions from 
various species. 

There are a variety of embodiments encompassed in the broad concept of the invention. In 
one embodiment of this invention, the insect selective neurotoxin may be combined with 
another compound or compounds to produce unexpected, such as synergistic properties. 
These other compounds can include protease inhibitors, for example, which have oral 
toxicity to insects. Other compounds that could be used in combination with the insect 
selective toxin to genetically modify a plant to confer insect tolerance include 
polypeptides from Bacillus thuringiensis. The B. thuringiensis protein causes changes in 
potassium permeability of the insect gut cell membrane (Sacchi et al., 1986) and is 
postulated to generate small pores in the membrane (Knowles and Ellar, 1987). Other 
port-forming proteins could also be used in combination with the toxins. Examples of 
such pore-forming proteins are the magainins (Zasloff, 1987), the cecropins (Hultmark et 
aL, 1982), the attacins (Hultmark et al., 1983). melittin, gramicidin S (Katsu et al., 1988), 
sodium channel proteins and synthetic fragments (Oiki et aL, 1988), the a-toxin of 
Staphylococcus aureus (Tobkes et al., 1985), apolipoproteins and their fragments (Knot: et 
aL, 198S; Nakagawa et al., 1985), alameihicin and a variety of synthetic amphipathic 
peptides (see review by Kaiser and Kezdy, 1987). Lectins (Lis and Sharon, 1986) which 
bind to cell membranes and enhance endocytosis are another class of proteins which could 
be used in combination with insect-selective toxins to genetically modify plants for insect 
resistance. 

In another embodiment, this invention comprises chimeric genetic sequences: 

(a) a first genetic sequence coding for a toxin that upon expression of the 
gene in a given plant cell is functional for the toxin and optionally a second 
genetic sequence coding for a polypeptide having oral toxicity to insects; 

(b) one or more additional genetic sequences operably linked on either side 
of the toxin coding region. These additional genetic sequences contain 
sequences for promoters) or terminators). The regulatory sequences may be 
heterologous or homologous to the host cell. 

In a preferred embodiment, the promoter of the toxin gene is used to express the chimeric 
genetic sequence. Other promoters that may be used in the genetic sequence include nos, 
ocs, and CaMV promoters. An efficient plant promoter that may be used is an 
overproducing promoter. This promoter in operable linkage with the genetic sequence for 



the toxin should be capable of promoting expression of said toxin such chit the 
transformed plant has increased tolerance to insect pests. Overproducing plant promoters 
that may be used in this invention include the promoter of the gene encoding the small 
subunii (ss) of the ribulose-U-bisphosphaie carboxylase from soybean (Beny-Lowe et 
ai., 1982), and die promoter of the gene encoding the chlorophyll a/b binding protein. 
These two promoters axe known to be light induced in plant cells (see, for example, 
Cashmore, 1983; Comia et aL, 1983; and Dunsmuir et aL, 1983). 

Further, in another preferred embodiment, the expression of the chimeric genetic sequence 
comprising the toxin gene is operably linked in correct reading frame with a plant 
promoter and with a secretion signal sequence. 

The chimeric genetic sequence comprising a toxin gene operably linked to a plant 
promoter, and in the preferred embodiment with the secretion signal sequences, can be 
ligated into a suitable cloning vector. In general, plasmid or viral (bacteriophage) vectors 
containing replication and control sequences derived from species compatible with the 
host cell are used. The cloning vector will typically cany a replication origin, as well as 
specific genes that are capable of providing phenotypic selection markers in transformed 
host cells, typically resistance to antibiotics. The transforming vectors can be selected by 
these phenotypic markers after transformation in a host cell 

Host cells that may be used in this invention include procaryotes, including bacterial hosts 
such as £. colli Salmonella typhimurium, and Serrana marccsccns. Eucaryotic hosts such 
as yeast or filamentous fungi may also be used in this invention. 

The cloning vector and host cell transformed with the vector are used in this invention 
typically to increase the copy number of the vector. With an increased copy number, the 
vectors containing the toxin gene can be isolated and, for example, used to introduce the 
chimeric genetic sequences into the plant or other host cells. 

Plant tissue is transformed with the vectors described above by any technique known in 
the art Such methods used for transfer of DNA into plant cells include, for example, the 
direct infection of or co-cultivation of plants, plant tissue or cells with A. tumcfaciens 
(Horsch et ai, 1985; Marton, 1984), direct gene transfer of exogenous DNA to protoplasts 
(Paszkowski et aU 1984; EP 129,668; EP 164 575; Shillito et al M 1985; Potrykus et aL, 
1985; L6rz et al., 1985; Fromm et aL, 1985 and 1986; GB 2,140,822; and Negmtiu et al, 
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1987); incubation with PEG (Negrutiu ct al, 1987); micro-injection (Reich et ah, 1986a 
and b), and microprojeciile bombardment (Klein et aL, 1987). 

Another method of introducing the toxin gene into plant cells is to infect a plant cell with 
A. tumefaciens transformed with the toxin gene. Under appropriate conditions known in 
the an, the transformed plant cells ait grown to form shoots, roots, and develop further 
into transformed plants. The toxin genetic sequences can be introduced into appropriate 
plant cells, for example, by means of the Ti plasnrid of A. tumefaciens. The Ti plasmid is 
transmitted to plant cells on infection by A. tumefaciens and is stably integrated into the 
plant genome (Horsch et al., 1984; Eraley et al.. 1983). 

Ti plasmids contain two regions essential for the production of transformed cells. One of 
these, named transfer DNA (T DNA), induces tumor formation. The other, termed virulent 
region, is essential for the formation but not maintenance of tumors. The T DNA region, 
which transfers to the plant genome, can be increased in size by the insertion of an 
enzyme's genetic sequence without its transferring ability being affected. By removing the 
tumor-causing genes so that they no longer interfere, the modified Ti plasmid can then be 
used as a vector for the transfer of the gene constructs of the invention into an appropriate 
plant cell. 

All plant cells which can be transformed by Agrobaeterium and whole plants regenerated 
from the transformed cells can also be transformed according to the invention so to pro- 
duce transformed whole plants which contain the transferred toxin gene. 

There are presently two different ways to transform plant cells with Agrobaeterium: 

(1) OM:ultivation of Agrobaeterium with cultured isolated protoplasts, or 

(2) transforming cells or tissues with Agrobaeterium. 

Method (1) requires an established culture system that allows culturing protoplasts and 
plant regeneration from cultured protoplasts. 

Method (2) requires (a) that the plant cells or tissues can be transformed by Agrobaeterium 
and (b) that the transformed cells or tissues can be induced to regenerate into whole plants. 
In die binary system, to have infection, two plasmids are needed: a T DNA containing 
plasmid and a vir plasmid. 
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In an alternative embodiment of this invention, the toxin gene may be induced into the 
P am cells by elecaopoiation (Fromm « aL, 1985). In this technique, pl M , protoplasts 
decooDonued in the presence of plasmids containing the toxin genetic construct. Elec- 
mcar unpdses of high field strength teversibly permeabilize biornentbranes allowing the 
miction of the plasmids. Hecooporated plant protoplast, reform the cell wall, divide, 
and form plan, callus. Selection of the transform^ plan, cells with the expressed toxin can 
be accomplished using the phenotypic markers as described above. 

Tneacogenous DNA may be added to the protoplasts in any form such as. for example 
naked Unear. areolar or supercoiled DNA, DNA encapsulated in liposomes, DNA in 
spheroplaas, DNA in other plant protoplasts, DNA complexed with sate, and the like. 

The generic material may also be transferred into the plant cell by using PEG which forms 
^P^oncomplex with the genetic material that is uken „ p by thc ^ (Pas2kovv$ki 

WertfDNAinto^ 

cuhuredcdUandn^^ • 

hIT Tt gSandPlaB,S(dCU PtfiaetaL> ^^vesandGoldman. 1986; 
Hooykaas-VanSlogterenetaL. 1984; and GrimsleyetaL, 1987 and 1988). Transgenic 
plants and progeny therefrom arc obtained by conventional methods known in the an. 

A Z^T^ f0Rii8n ° NA ^ inW ^ «» s co ^scs the artach- 

n^tofsa«IDNA to pardcleswhichare«l«„fo^ intoplant ^ 

S?* ^^"^^ radna ^ (198 »-^P^^ec T p 1 an,org an maybe 
^nstena. udsjo.anc and sexual tissues in vivo and in vitro. Transgenic ceils and 

f0ll ^ gemMi ^ P ^ T ^^esareinducedtoform 
Z^^T^™ ,08iVe ^^P^-ording toestablished 



teZT" P 17 ^^^^^^incorponuedforeignDNA.If 

f^mf DNA ^ ,te ^^ WS ^^^^cel.s conning :he 
forctgnDNAarcso^cce^ 



-29- 



bv conventional methods of vegetative propagation either in vivo, from buds or stem 
cuttings, or in vitro following established procedures known in the art. Such procedures 
may be chosen in accordance with the plant species used. 

Atatnmsfonnaiionaf ihc plant cell or plain, ihtac plimcclli or plana mnrformcd so 
thai fte Wttytte is expressed, can \* selectedby an appropriate p)>enorypic marker. Tfcese 
phenotypictnarkeR include, but are not limited to. antibiotic resUiattcc. Other phenotypic 
markers are known in the an and may be used in this invention. 

Due to the variety of different transformation systems all plant types can in principle be 
transformed so that they express a toxin of the present invention thus being resistent to 
insects. Prefered, however, are those methods using transformation with Agrobaeterium, 
and especially those using direct gene transfer. In the case of direct gene transfer those 
methods are prefered where protoplasts are transformed. 

All plants from which protoplasts can be isolated and cultured to give whole regenerated 
plants can be transformed by the present invention so that whole plants are recovered 
which contain the transferred toxin gene. Some suitable plants include, for example, 
species from the genera Fragaria. Lotus, Medicago. Onobrychis. Trifolium, Trigonella, 
Vigna, Oris, Unurn, Geranium. Manihot, Dauats, Arabidopsis, Brassica, Raphataa, 
' Sinapis. Ampa, Capsicum, Datura, Hyoscyamus, Lycoperskon, Nicotiana, Solomon, 
Petunia, Dactylis, Majorana, Ckhorium, Helianthus, Lacmca, Bromus, Asparagus, 
Antirrhinum, HemerocaWs.Nemesia, Pelargonium, Panicum, Pennisetum, Ranunculus, 
Senecio. Salptglossis, Cucumls, Browallia, Glycine, Lottum, Zea, Triticum, Sorghum and 
Datura, 

There is an increasing body of evidence that practically all plants can be regenerated from 
cultured cells or tissues, including but not limited to all major cereal crop species, sugar- 
cane, sugar beet, cotton, fruit and other trees, legumes and vegetables. Limited knowledge 
presently exists on whether all of these plants can be transformed by Agrobaeterium. 
Species which are a natural plant host for Agrobaeterium may be transformable in vitro. 
Monocotyledonous plants, and in particular, cereals and grasses, are not natural hosts to 
Agrobaeterium. Attempts to transform them using Agrobaeterium have been unsuccessful 
unt fl recently (Hooykas-Van Slogteren et al.. 1984). There is growing evidence now that 
certain monocots can be transformed by Agrobaeterium. Using novel experimental 
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approaches that have now become available, cereal and grass species may be trans- 
formable. 

Additional plant genera that may be transformed by Agrobaaerium include Ipomoca, 
Pass'tflora. Cyclamen, Mains, Primus, Rosa, Rubus, Populus, Santalum, Allium, Lilium, 
Narcissus, Ananas, Arachis, Phaseolus, and Pisum. 

Plant regeneration from cultured protoplasts is described in eg. Evans and Bravo (1983); 
Davey (1983X Dale (1983); and Binding (1985). 

Regeneration varies from species to species of plants, but generally a suspension of 
transformed protoplasts containing multiple copies of the toxin gene is first provided. 
Embryo formation can then be induced from the protoplast suspensions, to the stage of 
ripening and germination as natural embryos. The culture media will generally contain 
various amino acids and hormones, such as auxins and cytokinins. It is also advantageous 
to add glutamic acid and proline to the medium, especially for such species as com and 
alfalfa. Shoots and roots normally develop simultaneously. Efficient regeneration will 
depend on the medium, on the genotype, and on the history of the culture. If these three 
variables are controlled, then regeneration is fully reproducible and repeatable. 

The mature plants, grown from the transformed plant cells, are selfed to produce an inbred 
plant The inbred plant produces seed containing the gene for the toxin. These seeds can 
be grown to produce plants that have the toxin. 

The inbreds according to this invention can e. g. be used to develop insect tolerant hybrids. 
In this method, an insect tolerant inbred line is crossed with another inbred line to produce 
the hybrid. 

Pans obtained from the regenerated plant, as flowers, seeds, leaves, branches, fruit, and 
the like are covered by the invention provided that these pans comprise the insect tolerant 
cells. Progeny and variants, and mutants of the regenerated plants are also included within 
the scope of this invention. 

In diploid plants, typically one parent may be transformed by the toxin generic sequence 
and the other parent is the wild type. After crossing the parents, the first generation 
hybrids (F,) will show a distribution of 1/2 toxin/wDd type : 1/2 toxin/wild type. These 
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first generation hybrids (Fj) are selfed to produce second generation hybrids (FJ. The 
genetic distribution of the F 2 hybrids is 1/4 toxin/toxin : 1/2 toxin/wild type : 1/4 wild 
type/wild type. The F 2 hybrids with the genetic makeup of toxin/toxin are chosen as the 
insect tolerant plants. 

As used herein, variant describes phenotypic changes that are stable and heritable, 
including heritable variation that is sexually transmitted to progeny of plants, provided 
that the variant soil comprises an insect tolerant plant. Also, as used herein, mutant 
describes variation as a result of environmental conditions, such as radiation, or as a result 
of genetic variation in which a trait is transmitted meiotically according to well- 
established laws of inheritance. The mutant plant, however, must still exhibit an insect 
tolerance according to the invention. 

VI. Use of the Insect- Selective Toxins to Improve Insecticidal Microbes 

The insect selective toxin atone or in combination with any of the enhancing compounds 
memioned-above may be used to enhance the toxicity of insecticidal microbes. Several 
baculoviruses including those that infect Hdiothls vircscens (conon bollworm), Orgyia 
pseudotsugata (Douglas fir tussock moth), Lymantia dispar (gypsy moth), Auiographica 
caiifomica (alfalfa looperX Ncodiprbn senifer (European pine fly), and Laspeyresia 
pomonclla (codling moth) have been registered and used as pesticides. Introduction of an 
insect-selective toxin into the genome could significantly enhance the potency of such 
pesticides. Methods for the introduction of foreign genes into the genome of baculoviruses 
are the subject of two patents (US 4,745,051 and EP 175 852). EP 225 777 discloses the 
production of a microbial insecticide effective against two species of insects by 
construction of a recombinant baculovirus containing DNA segments of two species of 
nuclear polyhedrosis (baculovirus) vims. Numerous fungi are capable of infecting insects. 
Introduction of the insect-selective toxin into the genome of such fungi could enhance the 
potency as pesticides. Beauvaria bassania and BJbrongniartii have a wide host range and • 
have been suggested as candidates for microbial pesticides (see review by Miller et al. t 
1983). Bacteria (other than 5. thuringiensis) that have been considered as insect control 
agents include B. popilllae, B. lemimorbus and B, sphaericus. Their potential as pesticides 
could be enhanced by improving their potency by incorporating an insect-selective toxin 
gene into their genome. 
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VII. Application of the toxins as insecticides on plants 

The presentation of an insecticidally effective amount of one or more toxins may be 
achieved by external application. This application of the toxin to the plants or plant pans 
may be either directly or in the vicinity of the plants or plant pans. 

The natural toxin and/or its recombinant equivalent may be applied in a wide variety of 
forms including powders, crystals, suspensions, emulsified suspensions, dusts, pellets, 
granules, encapsulations, microencapsulations, aerosols, solutions, gels or other 
dispersions. This invention therefore also provides a composition for application to plants 
comprising one or more toxins together with additional agents. 

Compositions embraced by this invention generally are applied to the plant or plant pan in 
an agricultural formulation which comprises one or more agricultural carrier. An agri- 
cultural carrier is a substance which may be used to dissolve, disperse or diffuse an active 
compound in the composition without impairing the biological effectiveness of the com- 
pound. Such a carrier by itself has no detrimental effect on the soil, equipment, crops or 
agronomic environment The composition of this invention may be either solid or liquid 
formulations or solutions. The compound may be formulated as wettable powders, or a 
concentrate which is emulsifiable. 

Additional agents may be included as adjuvants, such would be wetting agents, spreading 
agents, dispersing agents, or adhesives, according to conventional agricultural practices. 

An additional kind of adjuvants would include potentiators of activity of the toxin. Such 
potentiators would include lectins, amphipathic peptides, amphipathic proteins or protease 
inhibitors. 

Adjuvants for the formulation of insekticides are well-known to those skilled in the an. 

Thus, preferred embodiments of the present invention include but are not restricted to: 

An insect selective toxin comprising the following amino acid sequence: 
VRDAYIAKNY NCVYECFRDA YCNELCTKNG ASSGYCQWAG K YGNACWCYA 
LPDNVPIRVPGKCR. 
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A recombinant DNA comprising a DNA sequence obtainable from animals wherein said 
DNA sequence encodes an insect selective toxin or a functional derivative or fragment 
thereof. 

A recombinant DNA comprising a DNA sequence wherein said DNA sequence is 
obtainable from animals preferably from arthropods, more preferably from members of the 
classes Arachnida or Chilopoda, roost preferably from members of the order Scorpiones 
and the genus Scotopendra and encodes an insect selective toxin or a functional derivative 
or fragment thereof wherein said DNA sequence is in an expressible form. 

A recombinant DNA comprising a DNA sequence obtainable from animals wherein said 
DNA sequence is in an expressible form and encodes an insect selective toxin with the 
following amino acid sequence: 

KKNGYAVDSS GKAPECLLSN YCNNQCTKVH YADKG YCCLL SCYCFGLNDD 
KKVLEISDTR KSYCDTTHN, 

DGYIRKRDGC KLSCLFGNEG CNKECKS YGG SYGYCWTWGL ACWCEGLPDE 
KTWKSETNTCG, 
; DGYIRKKDGC KVSC(V/I)IIGNEG CRKECVAHGO SFGYCWTWGL 
ACWCENLPDA VTWKSSTNTC G, 

DGYIKRRDGC KVACLIGNEG CDKECKAYGG SYGYCWTWGL ACWCEGLPDD 
KTWKSETNTCG, 

ALPLSGEYEP CVRPRKCKPG LVCNKQQICV DPK or 

VRDAYIAKNY NCVYECFRDA YCNELCTKNG ASSGYCQWAG KYGNACWCYA 
LPDNVPIRVP GKCR or a functional derivative or fragment thereof. 

A vector comprising a DNA sequence obtainable from animals wherein said DNA 
sequence encodes an insect selective toxin or a functional derivative or fragment thereof 
and is in an expressible form. 

A host organism comprising a DNA sequence obtainable from animals wherein said DNA 
sequence encodes an insect selective toxin or a functional derivative or fragment thereof 
and is in an expressible form. 

A transgenic plant cell comprising a DNA sequence obtainable from animals preferably 
from arthropods, more preferably from members of the classes Arachnida or Chilopoda, 
most preferably from members of the order Scorpiones and the genus Scolopendra 



34- 



whercin said DNA sequence encodes an insect selective toxin or a functional derivative or 
fragment thereof. 

A transgenic plant cell comprising a DNA sequence obtainable from animals preferably 
from arthropods, more preferably from members of the classes Aracluuda or Chilopoda. 
most preferably from members of the order Scorpions and the genus Scolopcndra 
wherein said DNA sequence encodes an insect selective toxin or a functional derivative or 
fragment thereof and is stably integrated into the plant genome. 

A transgenic plant cell comprising a DNA sequence obtainable from animals preferably 
from arthropods, more preferably from members of the classes Arachnida or Chilopoda, 
most preferably from members of the order Scorpbnes and the genus Scolopcndra 
wherein said DNA sequence encodes an insect selective toxin or a functional derivative or 
fragment thereof and is in an expressible form. 

A transgenic plant cell that expresses an insect selective toxin encoded by said DNA 
sequence, or a functional derivative or fragment thereof. 

A transgenic plant and its sexual and asexuell progeny comprising a DNA sequence 
obtamable from animals preferably from arthropods, more preferably from members of the 
classes Arachnida or Chilopoda, most preferably from members of the order Scorpion 
and the genus Scobpendra wherein said DNA sequence encodes an insect selective toxin 
or a functional derivative or fragment thereof. 

A transgenic plant and its sexual and asexuell progeny comprising a DNA sequence 
obtamable from animals wherein said DNA sequence encodes an insect selective toxin or 
a functional derivative or fragment thereof and is stably incorporattdindw plan, genome. 

A transgenic plant and its sexual and asexuell progeny comprising a DNA sequence 
obtamable from animal, wherein said DNA sequence encodes an insect selective toxin or 
a functional derivative or fragment thereof and is in an expressible form. 

A transgenic plant and its sexual and asexuell progeny mat expresses the insect selective 
UUn encoded by said DNA sequence, or a functional derivative or fragment thereof. 

A transgenic microorganism comprising a DNA sequence obtainable from animals 
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preferably from arthropods, more preferably from member* of the classes Arachnida or 
Chtiopoda, most preferably from members of ihe order Scorpiones and the genus 
Scotopendra wherein saidDNA sequence encodes an insect selective toxin or a functional 
derivative or fragment thereof. 

A transgenic microorganism comprising a DNA sequence obtainable from animals 
wherein said DNA sequence encodes an insect selective toxin or a functional derivative or 
fragment thereof and is stably incorporated in the genome. 

A transgenic microorganism comprising a DNA sequence obtainable from animals 
wherein said DNA sequence encodes an insect selective toxin or a functional derivative or 
fragment thereof and is in an expressible form. 

A transgenic microorganism expressing the insect selective toxin encoded by said DNA 
sequence, or a functional derivative or fragment thereof. 

An antibody for an insect selective toxin or a functional derivative or fragment thereof 
obtainable from members of the order Scorpiones or the genus Scotopendra. 

An insecticidal composition comprising as active substance an insect selective preferably 
recombinant toxin or a functional derivative or fragment thereof obtainable from animals. 

A method of controlling phytopathogenic insects comprising the application to the insect 
or its environment of an insecticidal amount of a transgenic microorganism comprising a 
DNA sequence obtainable from animals preferably from arthropods, more preferably from 
members of the classes Arachnida or Chilopcda, most preferably from members of the 
order Scorpiones and the genus Scolopendra wherein said DNA sequence encodes an 
insect selective toxin or a functional derivative or fragment thereof wherein said DNA 
sequence is in an expressible form and is stably incorporated in the genome, or of a 
composition comprising as active substance an insect selective preferably recombinant 
toxin or a functional derivative or fragment thereof obtainable from animals. 

A method of protecting crop plants against phytopathogenic insects comprising the 
transformation of the crop plant with a recombinant DNA wherein the recombinant DNA 
comprises a DNA sequence obtainable from animals wherein said DNA sequence encodes 
an insect selective toxin or a functional derivative or fragment thereof and further 
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comprising the expression in the plant of an insecricidally effective amount of said insect 
selective toxin or a functional derivative or fragment thereof. 

Having now generally described this invention, the same will be better understood by re- 
ference to specific examples, which are included herein for purposes of illustration only, 
and are not intended to be limiting unless otherwise specified. 

EXAMPLES 

Example 1: Purification. Primary Stracrure and Mode of Action of LqhP35 

The crude venom of the scorpion L. quinquestriatus kebracus is obtained by an electrical 
milking (Zlotkin and Gordon, 1985) of field collected scorpions followed by subsequent 
iycphilization. The excitatory insect toxin AaTT derived from the venom of the scoipion 
Androctonus australis is purified according to Zlotkin et al. (1971a). The mammal a-toxin 
AaH2 is obtained from Prof. H. Rochat (Fac. Medicine, Biochemie, Marseille, France). 

Larvae of the blowfly Sarcophaga falcidata (100 to 130 mg b.w.) are bred in the 
laboratory according to Zlotkin et al. (1971b). Isopods (terrestrial crustacean) Hcmi- 
lepistus sp. (300 to 400 mg b.w.) are field collected and albino laboratory mice (variant 
"Sabra") are purchased from the laboratory animal farm of the Hadassah Medical School, 
Jerusalem. 

Locust synaptosomes and their derived membrane vesicles are prepared from 
homogenates of the dissected central nervous systems of Loaista migratoria^ according to 
a previously described method (Zlotkin and Gordon, 1985). 

The lethal and paralytic effects of toxic substances are determined by subcutaneous 
injections. Blowfly larvae, injected with volumes of 2 to 10 \il per 100 mg of b.w. into an 
intersegmental membrane of an abdominal segment, are employed in an assay re- 
presenting a new s>Tnptomatology expressed as a delayed and sustained spastic paralysis. 
The determination of the paralytic unit (PU) is based on immobility accompanied by the 
contraction of the animal 5 min after injection. Isopods, dorsally injected between the 
thorax and the abdomen with volumes of 1 to 5 pi per 300 mg of b.w„ are used for the 
determination of the PU based on a complete immobility 5 min after injection. Mice are 
used for the determination of the fifty percent lethal dose (LD50) as monitored 24 hr after 
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ihc injection. The sampling and the calculation of 50 % end points (PU and LD» doses) 
are based on Reed and Muench (1938). 

In the present study three different methods of column chromatography are employed: 

a) Molecular exclusion columns of Sephadex G50 fine (Pharmacia. Sweden) 
gel with the ammonium acetate volatile buffer 1650 Ay® units L 
quinquestriam hebraeus venom (which correspond to 2.0 g of the crude 
venom following water extraction and two steps of Sephadex G50 column 
chromatography) arc repeatedly charged on a series of four columns 
[4x(100x3.2 cm)] equilibrated and eluted (45 ml/hr) by 0.1 M ammonium 
acetate pH 8.5 buffer (Ziotkin et al„ 1971a). The various fractions are 
collected according to the elution profile. Fraction IV (A M0 = 200 units) 
possesses paralytic potency and lethality to blowflies, isopods, and mice. 

b) Cation exchange chromatography on the carboxy methyl cellulose (CM52, 
Whatman, England) resin with a molarity gradient elution with ammonium 
acetate buffer. 23 mg (313 units of Fr. IV, a) are charged on a column 
of 10 ml volume filled with cation exchanger CM-cellulose-CM52 
(Whatman, England) equilibrated and eluted (10 ml/hr) by ammonium 
acetate 0.01 M pH 6.4 buffer. The first stage of elution is performed in 
equilibrium conditions resulting in fractions (a) and (b) which induce 
flaccidity to Sarcophaga larvae. The second stage of elution is performed in 
a linear gradient of molarity from 0.1 to 05 M resulting in fractions (c), (d) 
and (e), die toxicity of which to fly larvae and mice is indicated in Table 1. 

c) HPLC reversed phase chromatography employing a TSK-RP-CL8 column 
(LKB, Sweden): Buffers: A: 0.1 % TFA; B: 0.1 % TFA, acetonitrile : 
isopropanol = 1 : 1. B gradient: 0 time 5%; 15 min 20 %; 75 min 50 %. Row 
rate 1 ml/mirL 

Slab gel electrophoresis is employed in two forms: 

a) SDS-PAGE in the presence of urea (Swank and Munkrcs. 1971): The 
separations arc performed on a continuous minigel (60x80x1.5 mm) in a 
concentration of 115 % polyacrylamide in the presence of 8 M urea. 

b) Analytical isoelectric focusing in polyacryl- amide in the presence of 
ampholines (LKB, technical bulletin 1217-2001ME). 

Protein is determined by the procedure of Lowry et al. (195 1) using BSA as standard. 
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LqhP35 toxin is reduced and alkylated with 4-vinylpyridine by incubating samples in 6 M 
guanidine HQ, 1 M Tris-HC! f pH 8.6, 10 mM EDTA» 20 mM dithtoihieitol for 1 hr at 
37°C. 4-Vinylpyridine (Sigma, USA) is added to 50 mM and incubation continued for 1 
hr at room temperature. The modified protein is desalted by HPLC on a Vydac-C-8 or 
Hypersil-ODS column in 0.1 % isopropanol : acetonitrile = 1:1. Peptides are prepared by 
digestion of the reduced and alkylated protein with Asp-N, Lys-C and Trypsin 
(Boehringer-Mannheim, USA) according to the manufacturers directions. Peptides are 
produced by partial acid hydrolysis. Ptptides are separated by HPLC on a Hypcrsil-ODS 
column in 0.1 % TFA using a gradient of 0 to 60 % isopropanol : acetonitrile = 1 : 1. The 
amino acid sequence analysis is performed by the automated Edman degradation with an 
Applied biosystems 470A gas-phase sequencer (USA). Phenyltliiohydamoin amino acids 
arc identified using the on-line Applied Biosystems 120APTH Analyzer. Each sequence i> 
confirmed in at least two separate determinations (Alien, 1981; Inglis, 1980 (Inglis, A. et 
aL, in Birr, C (Ed.), Methods in Peptide and Protein Sequence Analysis, Proc. Int. Conf. 
3nL, Elsevier, Amsterdam, 329, 1980)]. For sequence comparisons amino acid sequences 
arc aligned for maximum homology with the aid of the University of Wisconsin Genetics 
Computing Group Profile Analysis (Devereux et aL, 1984). The percent of total positions 
containing identical residues is calculated. 

l25 I-labeled AalT and the competitive displacabiliry binding assays are prepared and 
performed according to a previously described procedure (Zlotkin and Guidon, 1985). 

Insect axonal preparation. Voltage clamp and current clamp experiments are performed on 
giant axons dissected from abdominal nerve cords of the cockroach Periplancia 
americana using the double oil-gap, single-fibre technique (Pichon and Boistel, 1967). 
Normal physiological saline has the following composition: 200 mM Nad; 3.1 mM KQ; 
5.4 mM CaCl* 5.0 mM Mgd 2 . The pH is maintained at 7.2 using a phosphate-carbonate 
buffer (2 mM NaHCC^, 0.1 mM NaH 2 P0 4 ). Current clamp experiments are performed at 
20 to 22°C voltage clamp experiments are performed at 12 ± 0 3°C 

4-AP (concentrations indicated in the text) is employed in order to selectively block the 
potassium current (Pelhate and Kchon, 1974) and 2 x lfr 7 M synthetic STX is used for 
selective, reversible blockage of sodium currents (Sartelle et aL, 1979). The purified 
scorpion toxins are lyophilized in the presence of BSA (Fraction V, Armour Co., USA) in 
the ratio of 1/10 (w/v). 
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Mammalian skeletal muscle single fibre preparation. Voltage-clamp and current-clamp ex- 
periments arc performed at room temperature (18 to 22°Q on single muscle fibers isolated 
from the slow twitch soleus muscle of the rat Ranus norveglcus using the double mannitol 
gap single fibre technique (Duval and L6oty, 1978). Normal physiological saline has the 
following composition: 140 oiM Nad; 6 mM KC1; 3 mM Cad 2 ; 5 mM glucose. pH 7.3 is 
adjusted by Tris-HQ (6i mM). 10 mM TEA and 2 mM 3,4 DAP art added to the bath in 
order to block potassium current and 1 |iM TTX is used in order to block the sodium 
current (Duval and Ldoty, 1980). 

B. Isolation of a factor inducing a delayed and sustained contraction of blowfly larvae. 
The lyophilized crude venom of the scorpion L quinquestriatus fiebraeus (3.7 g) is 
obtained using the following preliminary treatments: (1) Water extraction and 
lyophilizatioo; (2) The lyophilized water extract is separated on a column of Sephadex 
GSO eluttd by 0.1 M acetic acid in order to remove high MW mucoproteins; (3) The lyo- 
philized toxic fractions obtained from the above Sephadex-acetic acid column are sepa- 
rated on a column of Sephadex GSO eluted by ammonium acetate 0.1 M, pH 8.5 buffer, in 
order to remove non protein low MW pigments. The lyophilized toxic fractions obtained 
: in the above step (3) are separated by the recycling method on a series of four Sephadex 
. " . GSO columns in the conditions specified above. This approach results in the separation of 
• four main fractions (1 to IV). Fraction IV (which corresponds to about 12% of the proteins 
[ . charged) when injected to fly larvae induces a quite uncommon mixture of symptoms in- 
" eluding flaccidity (typical to the depressant insect toxins) and also contractivity (typical to 
- - the excitatory insect toxins) which, however, occurs after a delay and has a prolonged 
duration. Fraction IV is also moderately lethal to mice (LD^ 50 ug per 20 g b.w.). This 
lethality is accompanied by excitatory symptoms of envenomation typical of Buthinae 
scorpion venoms and their derived mammal toxins (Rochat et al., 1979). 

» ' / The separation of the above Sephadex GSO fraction IV on a column of a cation exchanger 

t (CM52) results in a series of fractions (a) to (e). Fractions (a) and (b) induce the flaccid 
• ' paralysis of blowfly larvae typical of the depressant insect toxins (Zlotkin, 1 986). 
; " * ' I Fractions (c), (d), and (e), however, demonstrate toxicity to mice (Table I) and a clear new 

symptomatology to blowfly larvae expressed in the occurrence of delayed and sustained 
< * ' (of long duration) contraction paralysis. As shown in Table 1 , fractions (c), (d) and (e) 
: ' ■ ' : reveal various degrees of the above delayed-sustained contraction paralysis and mice 

lethality. Fraction (d), which has the highest toxicity to blowfly and the lowest toxicity to 
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mice is subjected to further purification. 

TaWe 1: Hie Toxicity to Blowfly Larv ae and Mice of the Fractions fc). (d). and (el 
Obtained bv CM52 Chromnm<pphY 

The Fraction 

The Assay c d e 

Blowfly lame-PUjo* 0.054 0.028 0.7 

(HgflOOmgb.w.) 

Micelethality-JJV hq 120.0 25.0 



•An immobile and contracted larva 5 min after injection is considered as a positive 
response. 

''Lethality is determined after 24 hr. The LD J0 of the fraction IV to mice corresponds to 40 
ug/20gb.w. 



The final purification of the new factor affecting blowfly larvae is achieved by an 
additional step of chromatography on a reverse phase column in an HPLC system. The 
final product is designated as LqhP35 toxin (Lqh represents the scorpion, P indicates 
paralysis and 35 corresponds to its exclusion time on the HPLC column). The resulting 
product possesses about 30 and 60 percent of CM52 fraction (d) protein content and 
activity to blowfly larvae, respectively. Its purity and properties are assessed by SDS- 
PAGE (indicating a MW of about 5 kD) and by analytical isoelectric focusing (indicating 
a pi of about pH 9.0). 



C Primary structure determination of the LqhP35 toxin. LqhP35 is a single chained 
protein composed of 64 amino acids of a MW of about 7 kD (MW = 7255) typical of 
various scorpion venom toxins (Possani, 1984). The present MW estimation is essentially 
in accordance with the above SDS-PAGE which yields only approximate data with an 
expected inaccuracy of at least 20 % (Swank and Munkres. 1971 ). The high isoelectric 
point (pi) obtained by analytical isoelectric focusing assay is essentially in accordance 
with sequence analysis which reveals an excess at positively charged residues over the 
negatively charged including the occurrence of the three arginines (pK = 12.48). The 
hydrophobic amino acids, which comprise a thhd of the residues, are evenly distributed 
throughout the length of the molecules. It is believed that the eight cysteines form four 
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I*F» mn. AC the above pH value, if the sulfhydryl groups were free, they would 
contribute negative charges due to their ionization, thus lowering the pi value The 
oounenceof acysteine-arginine originating at the terminal as in the LqhP35 toxin has 
beer ishown already in the LjqIV mammalian a-toxin derived from the venom of the ' 
itlated scorpion L quinqucstrumts quinqttestriams (Possani. 1984). 

IX Molded activity of the ^35 toxin. Symptomatology. In con^t to ^ 
jns^toxtnswMchindu^ 

larvae, the MhP35 toxin induces a delayed and sustained contraction paralysis. 

Toxidty.TTiep^ 
respectively is presented in Table 1 



Table 2: Toxic Activity of LohP3S Tn *m 



Test Animal 
Blowfly larvae 

Isopods 

(terrestrial 

crustaceans) 

Mice 



The Effect , 
Delayed sustained 
contraction paralysis (PU) 

Paralysis within 5 
minutes (PU) 



Lethality observed 
after 24^00^ 



£D<n Value 

14 ng/lOOmg b.w. 

20 ng/IOOmgb.w. 



100ng/20gb.w. a 



V^nwo onJen of magnitude less toxic than the common manOT aI toxins derived from 
scoroion venom (Rochat et ah, 1979). 

'985)|. TTi. membranes are incubated for 40 mio at22*C TTie separation between ihe free 
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and the membrane bound 125 I AalT is performed by a rapid f.! ration method (Zlotkin and 
Gordon. 1985). The binding of the labeled toxin measured in the presence of a large 
excess of unlabeled toxin (1 uM) is defined as the non-specific binding. 

tacontramo the excitatory 

(Liqm, Zlotkin et aL, 1985) toxins, the LqhP35 toxin is unable to displace the »*1 AalT 
toxin in a locust synaptosomal preparation. This may indicate that the LqhP35 toxin 
possesses distinct binding sites, which differ from those shared by the above excitatory 

and depressant insect toxins. 

Electrophysiological studies. The LqhP35 mxin is assayed in current and voltage clamp 
coitions i, two different preparations of excitable membrane: the isolated giant axon of 
Penplanetaanvricana and the isolated skeletal muscle fiber of the raL The effect of the 
14.P35 toxin on the action potentials of the cockroach axon is determined by evokin- a 
short m msec) depolarizing current {pise of 10 nA. The action of the LqhP35 toxin on 
the Na current oft he cockroach axon is determined in a voltage clamp experiment in the 
presence of 2 x 10< M 3.4-DAP. The effect of the LqhP35 toxin on the action potentials in 
. isolated rat soleus muscle fibers is determined by the comparison of action potentials in 
• normal nnger and after external application of the toxin. The effects of LqbP35 on ionic 
current, of the voltage clamped rat soleus muscle fiber is detemuned in a voltage clamp 
. «!* n ^(«epwi*depo^^ 

In both preparations the toxin induces essentially the same effect, the prolongation of the 
acuonpotenaaldueman evident inhibition of sodium inactivadon. The toxin does no, 
affect or nxxLfy the (a) amplitude of the action potentials; (b) the level of the membrane 
resting potential and (c) potassium conductance. 

m^hBS toxin reveals an obvious preference for the insect excitable membrane when 
compared by its activity to the potent mammal toxin AaH2, which is assayed on the same 
P^ons.Intocurmntdampc^nditions 
!?, ^ m5aXiCW ccnoarion aboul *<> orders of magnitude lower than that re- 

quu^fortl^Aamtoxininthe insect «onal preparation (Pelhate and Zlotlcin, 1981) and 
al^oneon^ 

the laner, however, the maximal duration of the action potential is evidently lower with 
WS^nOO^ 2234^84 rr^^^ 
msec, n = 8). 
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Example 1 Collection of the centipede venom 

S. camdens are isolated from the Dead Sea region and from the Jerusalem region. Field 
collected centipedes are separately maintained in a laboratory in containers having a moi- 
sture absorbing substrate, and a source of water. Centipedes are fed living insects (once in 
two weeks). 

Venom is withdrawn from the centipedes by milking in the following manner, the bases of 
the venom fangs are electrically stimulated, and venom is collected into plastic capillary 
tubes which are tightly placed on the tip of the fangs. 



Table 3 shows the body lengths of the centipedes, the volume of venom obtained per 
milking, and the protein concentration of the isolated venom. 



Table 3: Centioede Venom Volume and Protein Cbntents 




The Centipede 


Body length 
(cm) 


Volume of venom 
per milking (ul) 


Protein content* 
(ug/ul) 


5. canidens 
(Dead Sea region) 


6-8 


0.29,02-0.4(5) 


210 


S. canidens 
Jerusalem region) 


11-14 


4.33,3.7-50 (3) 


190 



'According to Lowry et aL (1951). 
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Exain P le 3: Stability of frnnpede Venom 

The centipede venom from S. canidens from die Dead Sea region is isolated as described 
dove, and tested for its stabUity upon storage at room temperature or after. yophiliration 

ployed, The results of this experiment are presented in Table 4. 

Table 4: Stability of Centipede* Venom 



Conditions 1 * 



Activity 6 



Freshly milked 
venom 

2.6 



Storage of 5d 
at room temp. 

15 



Deep freezing 
and lyophilization 

31 



"5. canidens from Dead Sea area. 

b In an the treatments venom is diluted by bidisrilled water 

'Activity is determined as a paralytic unit of Sanophaga fly larvae expressed in ng of 

proteio(Uwryetal., 1951) per 100mgofb.w. 8 

' E**™** Toxicuvof hhp^/w,^ Vmom tft Var .^ 

Venoms are collected from three species of centipedes: S. {Dead Sea re^on)- 5 

c^acrusale™^ 

h«gh«V The toxzaty of the lyophifeed venoms to three insect species and to mice is 
presentedmTabtelAsshown^ 

toxanmth.svenomtsmseaselective.The injection of 1 mg per ,0 g mouse does not 
induce even symptoms of envenomation. 
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Tab,e 5: Tonicity of Scohoendra Centimes Venom to Various Animals 



Centipede S.cingutma S.canidens 



<Hg) (ug) 



S. canidens 



(from Jerusalem) (from Dead Sea) 



(Hg) 



Paralysis of 0.13 0.14 

Svcophaga 

fly larvae 



0.005 



Lethality to 0.075 0.10 

Sarcophaga 

fly larvae 



0.04 



Paralysis of 8.23 8.82 

Spodoptera 

larvae 



199 



Lethality of 8.23 8.82 

Spodoptera 

larvae 



2.99 



Paralysis of 0.65 0.64 
Locusta adults 



0.031 



Lethalityof 0.16 0 .15 
Locusta adults 



0.043 



LD so ofmice b 350 245 



>1000 



•Paralysis is determined as PUjo expressed inmgper 100 rag of b.w. Paralysis is 
determined after 30 sec for Sarcophaga lame and 5 minutes for the Spodoptera and 

b.w„Thesanipling(5or7animals per dose)and calculation of the efficient doses- 50% 
^perfonnedacconungwRerf^^ * 

larvae, Spodoptera larvae, Locusta male adults and albino mice, respectively. 
Expressed in fig per 10 g of b.w. 
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EMm P k 5: R«Ponse of a Centipede to the V-n om From the Same Sj*ri~ 



S. ewudaa from the Dead Sea region is resistant to the venom of its own species and that 
it may resist a dose of venom which may paralyze at lean 150 locusts of an equal weight 



(Table 6). 



Tab,e fc Response of a Ontipede* tn tha V en om From the Same Sp ecie 





Venom injected 


Effect 


Centipede Weight 
(mg) 


OigprotJ" 


Locust paralytic 
units 6 


Immediate 


After 24 hrs 


1 420 


22 


25 


No effect 


No effect 


2 460 


7.4 


75 


No effect 


No effect 


3 490 


10.5 


100 


No effect 


No effect 


4 580 


18.7 


150 


No effect 


No effect 


5 580 


18.7 


150 


Transient* 1 


No effect 
paralysis 


6 580 


18.7 


150 


TYansient* 


Dead 



paralysis 



*5. amidens - collected at the Dead Sea region, 
'determined according to Lowry « aL ( 1 95 1 ). 

"The paralytic potency of the venom sample raLocustamigratoria is 21.5 ng per 100 mg 
of b.w. The number of locust paralytic units, corresponds to locusts of a b.w. identical to 
that of the respective centipedes. 

*The paralysis is localized around the injection site and disappears after 20 min. 
Example & Loss of Toxicity bv Hearing 

Tteeffect of heat (80°C, 5 min) on venom stability is determined mmgSarcophaga fly 
larvae. As shown in Table 7. the toxicity of the centipede venom is destroyed by test treat- 
ment as detennined according to paralytic affect toSarcopkaga larvae. 
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T **>k 7: Loss of Toxicity by Heating* 



Venom source 



Untreated 
SmdPUjo) 



Heated (80°Q 5 min) 
10|H(10PU Ja ) 



S. canidens 
Dead Sea 



Active 



Not active 



5. canidens 
Jerusalem 



Active 



Not active 



HicPUjofor H»rogb.w.of Sarcophaga fly larvae ate 5ng and 150 ng of the Dead 
and Jerusalem centipedes, respectively. 



sea 



Example 7: The effect of ^ ;s m Ae ttltifity nf 

Sarcophaga larvae 



venom to 



T^xidty of c^dpede venom is d^troyed by common pamA ^ cn2ymc 

CTahle 8). Trypsin appears to be more effective than pronase. This result indicates that the 

centipede toxin is a protein. 




Incubadon Untreated Trypsin Pronase E Trypsin 
2PU * 10PU« 10PU 



time 



Pronase 



injected injected 




isI50ngflOOragb.w, 



venom 
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Examplc 8: Purification of centipede venoms 

Centipede venoms are panially purified by fractionation using an analytical HPLC 
molecular exclusion column and by reverse phase chromatography. 

Analysis using the molecular exclusion column (Suprose 12 10/30 Pharmacia; 0.05 M 
ammonium acetate pH 8.5; How rate of 0.5 ml/min) indicates that only about 20 % of the 
toxicity to fiy larvae is recovered from the venom of the Dead Sea centipede. A qualitative 
distinction is observed between factors inducing flaccidity and those which are contractive 
to fly larvae. In the Dead Sea centipede the latter correspond to factors of an estimated 
MWofl5to20kD. 

Reversed Phase HPLC analysis employs C-8 (Merck); A (water + 0.1 % TFAY, B 
(isopropanol + acetonitrile +0.1 % TFA). 

The elution patterns of the three venoms are in discordance to the "official" taxonomic 
definitions of the centipede species. The S. caiddens of Jerusalem and S. cingulaia 
demonstrate identical elution patterns on the molecular exclusion and reverse" phase 
chromatographies - both differing from that of the Dead Sea (S. canidens) centipede. With 
this background it is noteworthy that the three species are easily distinguishable according 
to their dimensions and patterns of coloration. 

Exara P Ie 9: Construction of aTi plasmid-riftriv^ 

Theve« OT paB10(Ro*stdneta^^ 

ferof the chimeric gene to plants via* tumefaciens. The vector is derived from the broad 
host range plasmid pRK252. which may be obtained from Dr. W. Barnes, Washington 
University. St Louis. Ma The vector also contains a gene for kanamycin resistance in 
Agrobacterium, from Tn903. and left and right T-DNA border sequences from the Ti 
plasmid pTiT37. Between the border sequences are the polylinker region from the plasmid 
pUC18 and a chimeric gene that confers kanamycin resistance in plants. 

first, plasmid pRK252 is modified to replace the gene conferring tetracydine-resistancc 
wtth one conferringresistance to kanamycin from the transposon Tn903 (Oka et al., 1981) 
and is also modified by replacing the unique EcoRI site in pRK252 with a BglH site' (Fig ' 
1 summarizes these modifications). Plasmid pRK252 is first digested with endonucleases 
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Sall and Smal, then treated with the large fragment of DNA polymerase I to create flush 
ends, and the large vector fragment purified by agarose gel electrophoresis. Next, plasmid 
P 368 which contains Tn903 on an approximately 1050 bp BamHI fragment is digested 
wuh endonnclease BamHI. treated with the large fragment of DNA polymerase, and an 
approximately 1050 bp fragment is isolated after agarose gel electrophoresis; this 
fragment contains the gene from transposon Tn903 which confers resistance to the 
antibiotic kanamycin (Oka et al„ 1981). Plasmid p368 has been deposited with ATCC, 
accession number 67700. Both fragments are then treated with the large fragment of DNA 
polymerase to create flush ends. Both fragments are mixed and incubated with T4 DNA 
ligase overnight at 50°C After transformation into E. coli strain HB101 and selection for 
kanamycin resistant colonies, plasmid pRK252/Tn903 is obtained. 

Plasmid P RK252/Tn903 is digested at its unique EcoRI site, followed by treatment with 
the large fragment of E. coli DNA polymerase to create flush ends. This fragment is added' 
to synthetic BgHI restriction site linkers, and incubated overnight with T4 DNA ligase. 
The resulting DNA is digested with an excess of Bglll restriction endonuclease and the 
larger vector fragment purified by agarose gel electrophoresis. Trie resulting fragment is 
again incubated with T4 DNA ligase to recircularize the fragment via its newly added 
Bgffl cohesive ends. Following transfonnation into E. coli strain HB101. plasmid 
pRK252/Tn903/Bgin is obtained (Fig. 1). 

A derivative of plasmid pBR322 is constructed which contains the Ti plasmid T-DNA 
borders, the polylinker region of plasmid pUC19, and the selectable gene for kanam>xin 
resistance in plants (Fig. 2). Plasmid P BR325/Eco29 contains the 1.5 kbp EcoRI fragment 
from the nopaline Ti plasmid P TiT37. This fragment contains the T-DNA left border 
sequence (Yadav et aL, 1982). To replace the EcoRI ends of this fragment with Hindlll 
ends, plasmid P BR325/Eco29 DNA is digested with EcoRI, then incubated with nuclease 
Sl,foIlowed by incubation with the large fragment of DNA polymerase to create flush 
ends, then mixed with synthetic Hindin linkers and incubated with T4 DNA ligase. The 
resulting DNA is digested with endomicleases Clal and an excess of Hindlll, and the 
resulting 1.1 kbp fragment containing the T-DNA left border is purified by gel electro- 
phoresis. Next, the polylinker region of plasmid pUC19 is isolated by digestion of the 
plasmidDNA with emtonucleases EcoRI and Hindlll and the smaller fragment (approx. 
53 bp) is isolated by agarose gel electrophoresis. Next, plasmid pBR322 is digested wi* 
endonucleases EcoRI and Clal. mixed with the other two isolated fragments, incubated 
with T4 DNA ligase and transformed into E. coli strain HB1 01 . The resulting plasmid, 



A plasnrid gaining the gene for expression of kanamycin resistance in plan* is 

equence of the nopahne synthase gene (Bevan. 1984). To remove .his reason 

rr" 1 T ' £C fnSmem ° f ° NA 10 ™« ^ end, The Ln« 

»ta abated wtth T4 DNA Hgase to reckon* the f w ^ is .J^T 

^ T ;° NAri ^^Kq»enceis«hen* 41 

ff^f^ " e3VCd endonuc, ««« Sacll and Hi«HH and a 1 0 kbp 

Kndffl and the4.0 kbp vector Mentis isolated byagarose gel electrophoresis The 
tnun HB101. The resulting plasmid pC!B4 (Fig. 4) contains the T-DNA right tJer and 

Nexupiasmid is constructed which contains both the T-DNA left and rioh, ^ ■ u 
d5 ^H« • u ! 6 ^S™"' <>f DNA polymerase tocreate flush ends, followed bv 



I 
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efcctrophoresis. Plasmid pCIBS DNA is digested with endonuclcasc AaiH, treated with T4 
DNA polymerase to create flush ends, then cleaved with endonuclease EcoRI. The larger 
vector fragment is purified by agarose gel electrophoresis, mixed with the pC!B4 
fragment, incubated with T4 DNA ligase, and transformed into E. coli strain HB101. The 
resulting plasmid pCIB2 (Fig. 5) is a derivative of plasmid pBR322 containing the desired 
sequences between the two T-DNA borders. 

The following steps complete the construction of the vector pClB 10 (Fig. 6). Plasmid 
pCB2 DNA is digested with endonuclease EcoRV, and synthetic linkers containing Bglll 
recognition sites are added as described above. After digestion with an excess of Bglll 
endonuclease, the approximately 16 kbp fragment is isolated after agarose gel 
electrophoresis. Plasmid pRK252fln903/BglII (Fig. 1) is digested with endonuclease 
Bglll and then treated with phosphatase to prevent recirculari2ation. These two DNA 
fragments are mixed, incubated with T4 DNA ligase and transformed into £. coli strain 
HB10L The resulting plasmid is the completed vector, pCIB 10. 

Plasmid pOBlO comprises T-DNA borders containing a plant expressible NPT gene and 
convenient restriction endonuclease sites for insertion of other chimeric genes within the T 
DNA borders. 

Example 10: Synthesis of Genes Encoding Insect-Selective Tmcin* 

A. Purification of Insect Selective Toxins. The purification of several insect toxins has 
already been described in several works by Zlotkin (ZIotkin et al., 1971a and 1985; Lester 
et al.. 1982). An alternative method which allows purification wiih high recoveries from 
limited amounts of venom is to use HPLC This technique is exemplified in the puri- 
fication of LqhlT2, 

For purification of LqhfT2, lyophilizedL quinquestnatm hebraeus venom (Sigma) is 
extracted three times using 05 ml water/20 rag venom. The water extracts are combined 
and subjected to ion-exchange chromatography on sulfoethylaspanamide HPLC column 
(Nest GroupX The extract is applied to the column previously equilibrated in 5 mM KPC 4 
pH 3.0 in 25 % acetonitrile and the column cluted with a gradient from 0 to 0.5 M KC1 in 
the same buffer over 60 min. Individual fractions are desalted and further separated by 
reverse phase chromatography on a Vydac C-8 column equilibrated in 0.1 % TFA and 
cluted with a 75 minute gradient from 0 to 70 % B (B: acetonitrile : isopropanol * 1:1 in 
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0.1 % TFA). Individual fractions are tested for toxicity to insects by injection into 
Sarcophaga and Hetiothishmt as described by ZIotkin et aL (1985). 

B. Amino Acid Sequencing of Insect Toxins. The insect toxin is reduced by incubating 
samples in 6 M guanidine SCI, 1 M Tris HC1, pH 8.6, 10 mM EDTA, 20 mM 
dithiothieitol for 1 h at 37°C 4-VinyIpyridine (Sigma) is added to 50 mM and incubation 
continued at room temperature for 1 h. The modified protein is desalted on a Vydac C-8 
column as described above. Peptides are produced by enzymatic digestion with trypsin, 
Ly*CwGlu-C or by panial add hydros ]981) 
Peptides are separated by reverse phase HPLC prior to sequencing. The amino acid 
sequences of the intact toxin and the individual peptides are determined by automatic 
Edman degradation using a Model 470A Protein Sequencer (Applied Biosystems. Foster 
City. CA) equipped with an on-line reverse phase HPLC for analysis of the phenylthio- 
hydantoin derivatives of the amino acids and a Model 900 data analysis system. 

Sequences of other insect toxins determined using the same techniques are provided in 
Fig. 7. 

C Synthesis of Gene Encoding Insect Toxin. Since the insect toxins are small proteins (< 
80 amino acids), a gene encoding a toxin may be constructed by DNA synthesis The 
following describes the synthesis of a gene which encodes AaTT. the Androaonus 
australis insect toxin. 

Thepublished sequence (Darbon et a!., 1982) is back-translated using the genetic code 
with thecodon frequency calculated from all available com proteins in the GenBankdata 
bank using the computer programs of the University of Wisconsin Genetics Computer 
Group. In some cases alternative codons may be selected to facilitate synthesis and/or pro- 
vide convenient restriction sites. Translational stop and start signals are added along with 
BamHI bakers at both ends for convenience in subsequent manipulations. This process 
yields Sequence la and Sequence lb (Fig. 8). 

Oligonucleotides corresponding to the regions 1 to 20 (Sequences 1c) are synthesized 
using a Model 380A DNA synthesizer (Applied Biosystems. Foster City, CA) with 
p-cyanoeihyl chemistry. 
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The gene is assembled in the following steps: 

1) Set up the following reaction mixtures containing 40 pMol of the indicated 
fragments. 

A. Fragments 2, 12, 13 

B. Fragments 3 t 4, 14, 15 

C Fragments 5, 6, 7, 16, 17, 18 

D. Fragments 8 f 9, 19,20 

E. Fragments 10, 11, 21 

2) A 5* phosphate is added to the 5 f ends of the fragments in each mixture by 
using T4 polynucleotide kinase according to the method described by Maniatis 
etal. (1982). 

3) After removal of excess reagents by phenol/chloroform extraction, chloro- 
form extraction, and ethanol precipitation, the precipitate of each mixture 
which contains the phosphorylated fragments is dissolved in T4 ligase buffer. 
40 pMol of fragment 1 is added to mixture A and 40 pMol of fragment 22 is 
added to mixture E The mixtures are heated to 85°C, then slow-cooled to 
15°C and maintained at 15°C for at least 4 h to allow fragments to anneal. 

4) ATP is added to 1 mM along with T4 ligase and incubation is continued for 
4 h. Reagents ait removed by extraction and precipitation as in step 1. To 
check for the efficacy of the reaction, an aliquot of the product is analyzed on 
a 10 to 15 % acrylamide geL If necessary, the desired fragment is purified 
from each reaction mixture by preparative gel electrophoresis and recovered 
from the gel. Contaminates are again removed by precipitation. 

The following fragment sizes are expected from the first set of ligations: 
Mixture A: 49 bp 
Mixture B: 45 bp 
Mixture C 65 bp 
Mixture D: 45 bp 
Mixture E* 46 bp 



-54- 



5) The products from the first ligations of A and B are mixed in reaction F. 
Products from ligations D and E ait mixed for reaction G. Steps 3) and 4) are 
repeated on mixtures F and G. This results in a 89 bp fragment from reaction F 
and an 86 bp fragment from reaction G. 

6) The purified fragments from F, G and C arc mixed together and steps 3) and 
4) repeated to give the final gene of 230 bp with BamHl ends. The final 
sequence is shown in sequence Id (Fig. 8). This purified fragment is used for 
ligation into the BamHI site of appropriate vectors. 

7) To amplify the DNA, the purified fragment is ligatcd into the BamHI site of 
pUC18 and cloned in a suitable E. coli host The DNA sequence of the insert 
is confirmed using standard sequencing methodology. 

1 1: «ant transformation vector commi t CaMV 3SS nmmoter/to.tin chim^ 

genes 

Vectors containing a plant expressible promoter with sites for inserting heterologous 
coding sequences are derived from pCIBlO (Rothstein et al.. 1987). The plasmid pCIB770 
contains the 35S promoter from CaMV as the plant expressible promoter. The coding 
sequence for a toxin having insecticidal activity, is ligated downstream of the promoter 
using BamHI cloning sites. 

Plant tissue transformed with this vector is selected using the antibiotics kanamycin or 
G41 8 as detailed below and as known to those skilled in the an. 

Bxun P lt 12: Want transformation vectors compri sing chimeric p lan t expressibfe tn»,n 
genes and a hygmmvein res istance martnr for plant selection 

ThepbsmidpCm743(]to.h^ 

resistance gene within the TDNA borders. A second plant expressible chimeric gene is in- 
serted using the unique restriction sites and this is introduced into plants. 

Plant tissue transformed with this vector is selected using the antibiotic hygromycin or an 
analogous anuobiotic as detailed below and as known to those skilled in the ait 
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Example 13: Leaf Disk Transformation of Tobacco 

A: Agrobacterium Infection of Plant Material The different genotypes of A. tumefaciens 
art grown on AB minimal medium (Waison et sfl, 1975) plus mannitol or glutamate salts 
medium for 48 hr at 28°G Bacteria art pelleted, resuspended in MSBN medium at a two- 
fold dilution, and held for three hours at 25°C MSBN medium is comprised of full- 
strength major and minor salts of Murashige and Skoog (Murashige and Skoog, 1962) (KC 
Bkrfogicals) widi the following additions (final concentrations): 6-benzyladcmne (1 
mg/1); nicotinic acid (1 mg/1); pyridoxine (1 mg/1); thiamine HQ (10 mg/1); and sucrose 
(30 g/1). The pH is adjusted to 5.8. 5 to 7 mm leaf disks are punched asepttcally from in 
vitro cultured Nicotiana xabacum cv. Xanthi plants and are dipped into the bacterial 
suspension for 10 minutes in a modification of the method of Horsch et aL (1985). Leaf 
disks art then transferred to filter paper on MSBN medium. After 48 hr, the leaf disks are 
dipped in liquid MSBN medium containing 500 mg/1 of carbenicillin and transferred to 
solid (0.8 % agar) MSBN medium containing 100 mg/1 kanamycin and 500 mg/1 
carbenicillin for selection of transformed cells. 

B. Plant Maturation and Self-Pollination. Shoots that arose from calli on MSBN selection 
: medium art transferred to OMS medium which is comprised of MS major, minor salts and 
Fe-EDTA (Gibco # 500-1 1 17; 4.3 g/1), B5 vitamins (Gamborg et a!., 1968). 100 mg/1 
myo-inositol and 30 g/1 sucrose, pH 5.8) and supplemented with 100 mg/1 kanamycin and 
250 mg/1 carbenicillin. Kanamydn and carbenicillin are added as a filter sterilized 
solution after autoclaving the rest of the medium. Rantlet development is allowed to 
continue for at least three weeks. Plandets are divided to give replicate cuttings which are 
allowed to develop and root for at least three weeks. Rooted plandets are then transplanted 
to a soU-vermiculite mixture and moved to the greenhouse. Freshly potted plandets are 
kept moist and shaded under an inverted clear plastic beaker for hardening off. At 
flowering time flowers are induced to self pollinate. Seeds are harvested following 
maturation. 

Example 14: Production o f Transgenic Tobacco Callus and Plants 

The T DNA containing vector or the vector comprising the chimeric genes expressi ble in 
plants is transferred from E. coU SM17 (Simon et aL, 1983) to A. tumefaciens strain 
CIB542 by mating. Alternatively, the vector is transformed into Agrobacterium strain 
CIB542 by the method of Holsters et al. (1978). Agrobacterium strain CIB542 is strain 
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EHA101 (Hood e, aL, 1986) in which the kanamycin marker of the plasmid has been re- 
P v ~ y thC ^^n/strtptomycin ponion of Tn7. 4|nte»te strains bearin- 
^™NA«lerivedplasTnidandme^^ 

m«hod as described above. Kanarovxin-resistant transformed plants are grown to 
matunty. Alternatively, callus forming ftom the leaf disks on kanamydn-conudning 
. Sdecnon medium » on a callus growth medium comprised of MS 

myc-tnositol, 20 0 sucrose, 2 mg/1 naphthaleneacetic acid and 0.3 mg/1 kinetin. 

Tht callus can be used to regenerate transgenic plants by transferring callus pieces to 
mcdi ™« and following methods as described above. 

Exam P lc 15: Transformation ^d Regent*™™ pfZeq 

Zeamays is transformed and regenerated in the media set forth in Table 9. 
TaWe * Composition n f Media Iked 

Macroelements, microelements and Fe-EDTA of the media m as given i„ te literature: 
KMmedium according to Kao and Michayluk (1975); N6 medium according to Chu e« al. 



Medium KM-8p 



Organics and Vitamins Used 


in the Culture Media: [mg/1] 


Biotin 


0.01 


PyridoxincHCl 


LOO 


Thiamine HQ 


10.00 


Nicotinamide 


1.00 


Nicotinic acid 


0.10 


Folic Acid 


0.40 


D-Ca-Pantothenate 


1.00 


p-Aminobcnzoic Acid 


0.02 


Choline Chloride 


1.00 


Riboflavin 


0.20 
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Vitamin B-12 


0.20 


Glycine 


0.10 


Sugars and sugar alcohols: [g/lj 


Sucrose 


0.25 


Glucose 


68.40 


Mannitol 


025 


Sorbitol 


0.25 


Cellobiosc 


0.25 


Fructose 


0.25 


Mannose 


0.25 


Ribose 


0.25 


Xylose 


0.25 


Myo-Inositol 


0.10 


Final pH. 


5.8 


Sterilization 


filter 



10 



30.0 



5.6 

autoclaved 



Macroelements are usually made up as a 10 x concentrated stock solution, 
and microelements as a 1000 x concentrated stock solution. 

Gtric. fumaric and malic acid (each 40 mg/Iiter final concentration) and 
sodium pyruvate (20 mg/litcr final concentration) are prepared as a 100 x 
concentrated stock solution, adjusted to pH 6.5 with NH&H. and added to 
this medium. 

Adenine (0.1 mg/Iiter final concentration), and guanine, thymidine, uracil, 
hypoxanthine and cytosine (each 0.03 mg/Iiter final concentration) are 
prepared as a 1000 x concentrated stock solution, adjusted to pH 6.5 with 
NH4OH, and added to this medium. 

Be following amino adds are added to this medium using a 10 x stock 
solution ( P H 65 with NH 4 OH) to yield the given final conccntnmons: 
glutamine (5.6 mg/litcr). alanine, glutamic add (each 0.6 mg/Kter). cysteine 
(0.2 mg/liter) asparaginc. aspartic acid, cystine, hisudine. isoleudne. leucine, 
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Iysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine and valine (each 0.1 mg/liter). 

Vitanrin stock solution is normally prepared lOOx concentrated 
Exan * k 16: Preparation of Antibodies to Insect-Selective Torinc 

A. Preparation oflmmunogen. Standard computer analyses (Hopp and Woods. 1983) are 
used to predict antigenic sites from the amino acid sequences of insect selective toxins. 
Synthetic peptides are prepared corresponding to these regions. The peptides are coupled 
through an interval cysteine to an ovalbumin carrier using the reagent N-saccinimidyl- 
3K2-pyridyldithio)propionate (Pierce Qemical Co.) (Carisson et al., 1978). The degree of 
conjugation is estimated by amino acid analysis of the conjugate. 

B. Production of Antisera. Rabbits are immunized with 05 to 1.0 mg antigen emulsified in 
complete Freund's adjuvant and boosted monthly with antigen in incomplete Fremiti's 
adjuvant Sera are titered by conventional ELISA assays using the peptide conjugated to a 
heterologous carrier (typically bovine serum albumin). Positive sera are titered against the 

. appropriate insect toxin. 

CR«ul U .Typlcallyd^^ 

logous peptides. Dilutions of 1:300 allow detectionof 3 to 10 ng of intact toxin protein 
Table 10 shows results of immunization with several different toxin peptides. 

Tab,e »* .Detection Limits in ELISA A.«av »f a.,:^ a<taint , TmAm 

ISm Immunizing Peptide Detectionof Peptide Detection of To, in 

AalT N-terrrrinal 1-16 3 ngat 1:10,000 3 ngat 1-300 

AaTT C-terminal 52-70 3 ngat 1:10.000 3ng 8 tl-300 

LqhiT2 N-terrrtinal 1-13 1 ngat 1:1,000 

LqhlT2 C-terminal 46-61 1 ngat 1:10,000 

BjTO N-teraiinal 1-13 0.3 ngat 1:3,000 

BjIT2 C-terminal 46-60 10 ngat 1:3,000 1 ngat 1300 
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Example 17: Maize Resistant to Com Root Worm bv Expression of AalT 

A. Prtperarion of vector. The synthetic AalT gene prepared as described in Example 9 is 
ligaxed into the BamHI site of pCIB710 (Rothstein et al, 1987) as described above. A 
gene for the desired selective marker (e.£, the NPT gene conferring kanamycin resistance) 
is ligated into one of the multiple cloning sites using standard techniques. 

B. Transformation and Regeneration of Maize. Maize tissue is transformed with the 
pCIB710 vector carrying the AalT gene insert and plants are regenerated as described 
above. For controls, plants transformed with the pCtB710 vector alone are prepared in the 
same way. The initial plants are self-fertilized and seed (Tl seed) is obtained. 

C. Testing Plants for AalT Expression. Plants grown from the Tl seed aie analyzed for the 
presence and expression of the AalT gene using several tests. 

1) DN A is isolated and digested with BamHI; the digest is electrophoresed on 
a 15 % agarose gel. The DNA fragments are transferred to nitrocellulose and 
hybridized with the AalT gene labeled with n ? by nick translation (Maniatis 
et al., 1982). The presence of the AalT gene is detected by a band of approxi- 
mately 230 bp which hybridizes to the probe. 

2) RNA is detected by the Nor*, em blot procedure (Maniatis et al. T 1982) as a 
band of approximately 230 bases which hybridizes with the 32 P-AalT gene 
described above. 

3) AaH protein is detected using standard immunological techniques with 
polyclonal rabbit antibodies raised against synthetic peptides corresponding to 
the N-tenninal 16 amino acids of AalT and the C-terminal 19 amino acids of 
AalT (see Example IS). 

4) AalT activity is detected by immunopurifying material from the plant 
extracts using the rabbit polyclonal and- AalT antibody and protein A 
Sepharose and assaying the isolated material for toxicity to insects by 
injecting the material into Sarcophaga larvae using the methods described in 
Example 10. 
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D. Resistance tfTrarufwrned Com Plants ©Com Root Worm Damage. Germinated Tl 
seeds ait planted in coarse vermiculite in 100 mm Petri dishes (5/dish. 5 dishes). When 
the second leaves on the seedling emerge, each dish is infested with 20 second instar corn 
root worm larvae. After seven days, the number and weight of the survivors is measured 
along with the weight of the washed roots of the com plant. Resistance of transformed 
plants is detected by a statistically significant (Student's t-test, p < 0.05) decrease in larval 
weight gain, decrease in larval survival rate, or decrease in loss of root weight relative to 
insect-free plants when plants expressing the Aarr gene are compared to control plants 
transformed with the vector alone or un transformed plants. 

Example 18: go'"o and Tomam Resistant to Cnl^n P otato Bee ,i,. hv F,p~, ; „„ . f 

A. Construction of Vector. The AalTgeneis synthesized and ligated into vector pCIB7 10 
as described in Example 17. section A. The AaTT gene plus the 35S CaM V promoter are 
subdonedc^ofdwrXnBTlOveaw^^ 

EcoRI. bating the 1460 bp fragment and Hgating this fragment with XbaF, EcoRI 
digested pCIB 10 to make the pCffi 10-AaIT vector. 

B. Transformation and Regeneration of Plants. The pCIB10-AaIT vector is introduced into 
'"""^kw carrying a virulence plasmid such as LBA 4404 or pQB541 P QB542 is 

an*, tumefactens plasmid bearing an engineered vir plasmid derived from P TiBo542 
flood et al., 1986). pCIB542 has me baoerial kanamycin resistance gene replaced by a 
bactenal streptomydn/spectinomycin resistance gene. The strain carrying both 
pCnmO-AalT and pCIB542 is used to produce transformed tomato plants accordin- to 
the method of Rschhoffet aL (1987). 

Potato plants containing paBlO-AaTT are omained by thememodof Snockhausetal. 

(1987). 

CTestrngofTHmsforrnanufcTAalTExpres^^^ 
expression is carried out as described in Example 17, section C 

D. Resistance of Transformed Plants to Colorado Potato Beetle. Ten four- week-old plants 
are each infested with five second instar Colorado potato beetle larvae. Larvae are allowed 
to feed for four days at which time insect mortality, insect weight gain and amount of 
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damage to the plant are scored Resistance of transformed plants is detected by a statisti- 
caUy significant (Student's t-test, p < 0.05) decrease in larval weight gain, decrease in 
larval survival rate, or decrease in plant damage when plants expressing the AalT gene are 
compared to control plants transformed with the vector alone or untransformed plants. 

Exam P !c 19: Orchard Gras s Resistant to Colcoptcrans bv Expression of AalT 

A. Construction of Vector. The AalT gene is synthesized and ligated into vector pCIB710 
along with the kanamycin resistance gene as described in Example 1 7, section A. 

B. Transformation and Regeneration of Plants. Transformed plants are obtained as 
described above. 

C. Testing of Transformants for AalT Expression. Testing of transformants for AalT 
expression is carried out as described in Example 17, section C 

D. Resistance of Transformed Plants to Damage by DiabroHca tmdecimpunctata 
(Southern Corn Root Worm). Germinated Tl seeds are planted in fine soil in 100 mm 
Petri dishes (10/dish, 5 dishes). When the second leaves on the seedling emerge, each of 
fivedishes is infested with 20 second instarD. undecimpunctma larvae. After seven days, 
the number and weight of the survivors is measured along with the weight of the washed ' 
roots of the com plant Resistance of transformed plants is detected by a statistically signi- 
ficant (Student's t-test, p < 0.05) decrease in larval weight gain, decrease in larval survival 
rate, or decrease in loss of root mass relative to insect-free plants when plants expressing 
the AaTT gene are compared to control plants transformed with the vector alone or un- 
transformed plants. 

Example 20: Cotton Resistant to Boll Weevil hv Repression of AalT 

A. Construction of Vector. The AaTT gene in pCIBl 0 is prepared as described in Example 
18. section A. 



B. Transformation and Regeneration of Plants. Transformed plants are obtained as 
described above. 
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G Testing of Transformants for AalT Expression. Testing of transforming for AalT 
expression is carried out as described in Example 17, section C 

D. Resistance of Transformed Plants to Damage by Anthonomus grandis (Boll Weevil). 
Ten transformed plants are grown until bolls Stan to form Each plant is infested with 
three adult female boll weevils. Damage to plants is rated after one week and surviving 
adults are removed Damage by larva, larval numbers and weight per plant ait measured 
at weekly intervals for four weeks. Resistance of transformed plants is detected by a 
statistically significant (Student's t-test, p < 0.05) decrease in damage ratings, decrease in 
larval number, or decrease in larval weight when plants expressing the AalT gene are 
compared to control plants transformed with the vector alone or untransformed plants. 

Example 21: Maize Resistant to Lepidopterous Pests bv Expression of LahIT2 

A. Construction of pCIB7 10-LqhTT2 Vector. A synthetic gene for LqhIT2 is prepared 
using the general strategy oudined for the AalT gene in Example 9. The resulting gene has 
the sequence shown in Sequence 2 (Fig. 9). 

The resulting 200 bp fragment is isolated and ligated into the BamHI site of pCIB710 
vector as described in Example 17, section A. A gene for the desired selective marker 
(e.g., the NPT gene conferring kanamycin resistance) is ligated into one of the multiple 
cloning sites using standard techniques. The resulting vector is denoted pCIB710-LqhIT2. 

B. Transformation and Regeneration of Corn. Transformation and regeneration of corn 
plants is performed as described in Example 17, section B. 

C Testing Plants for Lqh!T2 Expression. Plants grown from the Tl seed are analyzed for 
the presence and expression of the LqhIT2 gene using several tests. 

1} DNA is isolated and digested with BamHI; the digest is electrophoresed on 
al34 agarose gel. The DNA fragments are transferred to nitrocellulose and 
hybridized with the LqhIT2 gene labeled with 32 P by nick translation 
(Maniatis et all 1982). The presence of the LqhIT2 gene is detected by a band 
of approximately 200 bp which hybridizes to the probe. 
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2) RNA is dwcctcd by the Nonhcm blot procedure (Maniatis ti al., 1982) as a 
band of approximately 200 bases which hybridizes with ihe 32 P-LqhIT2 gene 
described above. 

3) LqhlT2 protein is delected using standard immunological techniques with 
polyclonal rabbit antibodies raised against synthetic N- and C-terminal 
peptides of LqhlT2 as described in Example 16. 

4) .LqhlT2 activity is detected by iramunopurifying material from the plant 
extracts using the rabbit polyclonal anti-LqhIT2 antibody and protein A 
Sepharose and assaying the isolated material for insect toxicity by injecting 
into Heliotliis larvae as described in Example 10. 

D. Resistance of Transformed Plants to Damage by Lepidopterous Larvae. Tl seeds are 
germinated and leaf pieces obtained from seedlings at the four leaf stage are used to feed 
neonatal European com borer {Ostrinia nubilaiis) or corn carworm (Helioihis tea) larvae. 
Neonatal larvae art placed in individual diet cups with a 1 cm 2 piece of leaf. Fifty insects 
; are tested per group. After five days insect weight, insect survival, and amount of leaf 
\ eaten art rated. Resistance of transformed plants is detected by a statistically significant 
(Student's t-test, p < 0.05) decrease in larval survival, larval weight or amount of leaf 
consumed when leaves from expressing the LqhIT2 gene are compared to control plants 
transformed with the vector alone or untransformed plants. 

pyample 12t Cotton Resistant to Lepidopte rous Insects bv Expression of LghlT2 

A. Construction of Vector. The LqhIT2 gene together with the 35S CaM V promoter is 
removed from pCIB710 and ligated into pClBlO using appropriate restriction enzymes. 
This vector is denoted as pOBlO-Lqhm 

B. Transformation and Regeneration of Plants. Transformed plants are obtained as 
described above. 

C. Testing Plants for LqhlT2 Expression. Testing of transformams for LqhlT2 expression 
is carried out as described in Example 21, section C 
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D. Resistance of Transformed Plants to Damage by Lepidopterous Larvae. Leaf disks 
from four-week-old transformed plants are fed to neonatal Heliothis virescens, Heliothis 
zea or Peetinopkora gossypiella. Neonatal larvae are placed in individual diet cups with a 
1 cm 2 piece of leaf. Fifty insects are tested per group. After 5 days, insect weight, insect 
survival, and amount of leaf eaten are rated. Resistance of transformed plants is detected 
by a statistically significant (Student's t-test, p < 0.05) decrease in larval survival, larval 
weight or amount of leaf consumed when leaves from expressing the LqhIT2 gene are 
compared to control plants transformed with the vector alone or untransfoimed plants. 

Example 23: Tomato Resistant to Lepidoptcrous Larvae bv Expression of LahlT2 

A. Construction of Vector. The pdB 10-LqhIT2 vector is prepared as described in 
Example 22, section A. 

B. Transformation and Regeneration of Plants. Transformed plants are obtained as 
described in Example 17, section B using the pCIB l0-LqhlT2 vector in place of the 
pCIBlO-AalT vector. 

C Testing of Transformams for LqhIT2 Expression. Testing of transformants for LqhIT2 
expression is earned out as described in Example 21, section C 

D. Resistance of Transformed Plants to Damage by Lepidoptcrous Insects. Leaf disks 
from four-week-old transformed plants are fed to neonatal Heliothis tea or Manduca 
sexto. Neonatal larvae are placed in individual diet cups with a 1 cm 2 piece of leaf. Fifty 
insects are tested per group. After 5 days, insect weight, insect survival, and amount of 
leaf eaten arc rated. Resistance of transformed plants is detected by a statistically signi- 
ficant (Student's t-test, p < 0.05) decrease in larval survival, larval weight or amount of 
leaf consumed when leaves from expressing the LqhIT2 gene are compared to control 
plants transformed with the vector alone or untransformed plants. 

Sample 24; Tobacco Resistant to Lepidopt erous Larvae bv Expression of Lqhm 

A. Construction of Vector. The pCIBI0-LqhIT2 vector is prepared as described in 
Example 22, section A. 
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B. Transformation and Regeneration of Plants. Transformed plants ait obtained as 
described above using the pCIB10-LqMT2 vector. 

C. Testing of Transformants for LqhIT2 Expression- Testing of transformants for LqhIT2 
expression is earned out as described in Example 21, section C 

D. Resistance of Transformed Plants to Damage by Lepidopterous Insects. Leaf disks 
from four-week-old transformed plants are fed to neonatal Heliothis virescens (tobacco 
budworm) or Manduca sexw (tomato/tobacco hornworm). Neonatal larvae are placed in 
individual diet cups with a 1 cm 2 piece of leaf. Fifty insects are tested per group. After 5 
days, insert weight, insect survival, and amount of leaf eaten are rated. Resistance of 
transformed plants is detected by a statistically significant (Student's t-test, p < 0.05) 
decrease in larval survival, larval weight or amount of leaf consumed when leaves from 
expressing the LqhIT2 gene ait compared to control plants transformed with the vector 
alone or umransformed plants. 

Example 25: Orchard Grass Resistant to Damage bv Lepidopterous Larvae through 
Expression of LoMT2 

A. Construction of Vector. The LqhIT2 gene is synthesized and ligated into vector 
pCIB? 10 as described in Example 21 , section A. 

B. Transformation and Regeneration of Plants. Transformed plants are obtained as 
described above. 

C. Testing of Transformants for LqhIT2 Expression. Testing of transformants for LqhIT2 
expression is earned out as described in Example 21, section C. 

D. Resistance of Transformed Plants to Damage by Lepidopterous Insects. Germinated Tl 
seeds are planted in fine soil in 100 mm Petri dishes (10/dish, 5 dishes). When the second 
leaves on the seedling emerge, each dish is infested with 20 second instar larvae of com 
root webwonn {Crambus caliginosellus). After seven days, the number and weight of the 
survivors is measured along with the weight of the washed grass roots. Resistance of 
transformed plants is detected by a statistically significant (Student's t-test p < 0.05) 
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decrease in larval weight gain, decrease in larval survival race, or decrease in loss of root 
weight relative to insect-free plants when planes expressing the LqMT2 gene are compared 
to control plants transformed with the vector alone or ^transformed plants. 
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W1IAT ID CLAIMED 19. 

*^ Claims defining the invention are as foli:- 

1. An insect selective toxin comprising the following amino acid sequence: 
VRDAYIAKNY NCVYECFRDA YCNELCTKNG ASSGYCQWAG K YGNAOVCYA 
LPDNVPIRVPGKCR. 

2. A recombinant DNA comprising a DNA sequence obtainable from animals wherein 
said DNA sequence encodes an insect selective toxin or a functional derivaiive or 
fragment thereof. 

3. A recombinant DNA according to claim 2 wherein said DNA sequence obtainable from 
animals is in an expressible form. 

4. A recombinant DNA according to claim 2 or 3 wherein said DNA sequence encodes an 
insect selective toxin obtainable from arthropods. 

5. A recombinant DNA according to claim 2 or 3 wherein said DNA sequence encodes an 
insect selective toxin obtainable from members of the classes Araclwida or Chilopoda. 

6. A recombinant DNA according to claim 2 or 3 wherein said DNA sequence encodes an 
insect selective toxin obtainable from members of the order Scorpiones. 

7. A recombinant DNA according to claim 2 or 3 wherein said DNA sequence encodes an 
insect selective toxin obtainable from members of the genus Scolopcndra. 

8. A recombinant DNA according to claim 2 or 3 wherein said DNA sequence encodes an 
insect selective toxin with the following amino acid sequence: 

KKNCYA VDSS GKAPECLLSN YCNNQCTKVH YADKGYCCLL SCYCFGLNDD 
KKVLEISDTR KSYCDTTIIN, 

DGYIRKRDGC KLSCLFGNEG CNKECKS YGG SYGYCWTWGL ACWCEGLPDE 
KTWKSETNTC G, 

DGYIRKKDGC KVSQV/DIIGNEG CRKECVAHGG SFGYCWTWGL 
ACWCENLPDA VTWKSSTNTC G, 

DGYIKRRDGC KVACUGNEG CDKECKAYGG SYGYCWTWGL ACWCEGLPDD 
KTOTCSETNTCG, 
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ALPLSGEYEP CVRPRKCKPG LVCNKQQICV UI»K or 

VRDAYIAKNY NCVYECFRDA YCNELCTCNG ASSCYCQWAC KYGNACWCYA 
LPDN VPIR VP GKCR or a functional derivative or fragment thereof. 

9. A vector comprising a DNA according to any one of claims 2 to 8. 

10. A host organism comprising a vector according to claim !). 

1 1 - A transgenic plant cell comprising a DNA sequence obtainable from animals wherein 
sad DNA sequence encodes an insect selective tox in or a functional derivative or 
fragment thereof. 

12. A transgenic plant cell according to claim 11 wherein said DNA sequence is 
obtainable from anhropods. 

13. A transgenic plan, cell according to claim 1 1 wherein said DNA seauence is 
obtainable from members of the classes Arachnida or ChUopoda. 

14. A transgenic plan, cell according ,o claim 1 1 wherein said DNA sequence is 
obtainable from members of the order Scorpion*. 

A transgenic plan, cell according todaim U wherein said DNA sequence is 
Jut from members of the genus Scolopendra. 

16. A transgenic plant cell according to any one of claims 1 1 to 15 wherein said DNA 
sequence is stably integrated into the plant genome. 

e^s^ 

18 A tntnsgenic plan: cel. according , 0 claim 17 that expresses an insect selective toxin 
encodedbysatdDNA sequence, or a functional derivative or fragment thereof. 

ILmT c plan ' r d its 56X1,31 andase>:uai m COn * risi "S a ™* 

a functional derivative or fragment thereof. 



•77* 



20. A transgenic plant and its sexual and asexualprogcny according to claim 19 whurcin 
said ONA sequence is obtainable from arthropods. 

21. A transgenic plant and its sexual andasexual progeny according to claim 19 whcn:in 
said DNA sequence is obtainable from members of the classes Arachnida or Chilapaila. 

21 A transgenic plant and its sexual and asexualprogeny according to claim 19 wherein 
said DNA sequence is obtainable from members of the order Scorpioncs. 

23. A transgenic plant and its sexual and asexuaiprogeny according to claim 19 wherein 
said DNA sequence is obtainable from members of the genus Scolopcndra. 

24. A transgenic plant and its sexual and asexuaiprogeny according to any one of claims 
19 to 23 wherein said DNA sequence is stably incorporated in the plant genome. 

25. A transgenic plant and its sexual and asexual progeny' according to claim 24 wherein 
said DNA sequence is in an expressible form. 

26. A transgenic plant and its sexual and asexual progeny according to claim 25 that 
expresses an insect selective toxin encoded by said DNA sequence, or a functional 
derivative or fragment thereof. 

27. A transgenic microorganism comprising a DNA sequence obtainable from animals 
encoding an insect selective toxin or a functional derivative or fragment thereof. 

28. A transgenic microorganism according to claim 27 wherein said DNA sequence is 
obtainable from arthropods. 

29. A transgenic microorganism according to claim 27 wherein said DNA sequence is 
obtainable from members of the classes Aradmida or Chilopoda. 

30. A transgenic microorganism according to claim 27 wherein said DNA sequence is 
obtainable from members of (he order Scorpiones. 
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31. A transgenic microorganism according to claim 27 therein said 
DMA sequence is obtainable froci members of the genus ScobperJra, 

32. A transgenic mlcroorganlsn according to any one of claims 27 
to 31 wherein said OHA sequence Is stably Incorporated In the genome. 

S 33. A transgenic microorganism according to claim 32 wherein said 

DMA sequence is In an expressible form. 

34. a transgenic microorganism according to claim 33 expressing 

the Insect selective toxin encoded by said DMA sequence, or a functional 

derivative or fragment thereof. 
10 35. An antibody for an Insect selective toxin or a functional 

derivative or fragment thereof obtainable from members of the order 

Scorpiones or the genus Scohpendra. 

36. An agricultural formulation comprising as active substance an 
Insect selective toxin or a functional derivative or fragment thereof 

15 obtainable from animals and one or more agricultural carrier and one or 
more additional agent with the proviso that the toxin Is not dissolved 1n 
ethanol plus water, acetone plus water or acetone plus dimethyl 
sulphoxlde. 

37. An agricultural formulation according to claim 36 wherein the 
20 toxin Is a recombinant toxin. 

38. A method of controlling phytopathogenlc Insects comprising the 
application to the insect or Its environment of an Insectlddally 
effective amount of a transgenic microorganism according to any one of 
claims 27 to 34 or of a formulation according to claims 36 or 37. 

25 39. A method of protecting crop plants against phytopathogenlc 

Insects comprising the transformation of the crop plant with a 
recombinant DMA according to claim 2 and further comprising the 
expression In the plant of an Insectlddally effective amount of said 
insect selective toxin or a functional derivative or fragment thereof. 

30 40- An Insect selective toxin substantially as hereinbefore 

described with reference to any one of the Examples. 

41. A transgenic plant cell comprising a DMA sequence obtainable 
from animals therein said DMA sequence encodes an Insect selective toxin 
or a functional derivative or fragment thereof substantially as 

35 hereinbefore described with reference to any one of Examples 13 to 15 or 
17 to 25. 

*2. A transgenic plant and Its sexual and asexual progeny 

.■■*■'/ 
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comprlslng a DMA sequence obtainable from animals vhereln said DNA 
sequence encodes an insect selective toxin or a functional derivative or 
fragment thereof substantially as hereinbefore described with reference 
to any one of the Examples. 
5 43. A transgenic microorganism comprising a DNA sequence 

Obtainable from animals encoding an Insect selective toxin or functional 
derivative or fragment thereof substantially as hereinbefore described 
with reference to any one of the Examples. 

44. A recombinant ONA substantially as herein described with 
10 reference to any one of Examples 10 to 15 or 17 to 25. 

45. A vector substantially as herein described with reference to 
any one of Examples 9, 11 to 15 or 17 to 25. 

46. A host organism substantially as herein described with 
reference to any one of Examples 9, 11 to 15 or 17 to 25. 

15 47. An antibody for an insect selective toxin or a functional 

derivative or fragment thereof substantially as herein described with 
reference to Example 16. 

48. An agricultural formulation comprising as active substance an 
insect selective toxin as defined in claim 40 or a functional derivative 

20 or fragment thereof obtainable from animals and one or more agricultural 
carrier and one or more additional agent with the proviso that the toxin 
Is not dissolved in ethanol plus water, acetone plus water, or acetone 
plus dimethyl sulphoxide. 

49. A method of controlling phytopathogenlc Insects comprising 
25 applying to said Insect or its environment an Insectlddally effective 

amount of a transgenic microorganism as defined In claim 43 or a 
formulation as defined in claim 48. 

50. A method of protecting crop plants against phytopathogenlc 
insects comprising transforming said crop plant with a recombinant DNA as 

30 defined In claim 44 and further comprising the expression in the plant of 
an insectlddally effective amount of said Insect selective toxin or a 
functional derivative or fragment thereof. 
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SEQUENCE 1c 
Fragments Synthesized 
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CCAGTGCACTAAAGTTCATT 
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ACGCTGACAAAGGCTACTGC 
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TGCCTGCTGTCTTGCTACTG 
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CTTCGGCCTGAACGAC GAC A 
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AAAAAGTTCTGGAAATCTCT 


10 


GACACTCGTAAATCTTACTG 


11 


CG AC AC TA C T ATC A ACTAAT AG 


12 


CGTAGCCGTTTTTTTTCATTATTTG 


13 


TTTGCCAGAAGAGTCAACAG 
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CwCAbCAGGCATTCCGGAGC 


15 


ACTGGTTGTTGCAGTAGTTA 


16 


AGCGTAATGAACTTTAGTGC 


17 


AGGCAGCAGTAGCCTTTGTC 


18 


CGAAGCAGTAGCAAGACAGC 


19 


TT T TTTGTC GTCGTTCAGGC 


20 


GTGTCA6AGATTTCCAGAAC 


21 


TGTCGCAGTAAGATTTACGA 


22 


GATCCTATTAGTTGATAGTAG 
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